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TRANSACTIONS 

OF  THE 

New  York  Academy  of  Sciences. 


Regulae  Business  Meeting. 
October  7th,  1895. 

President  Rees  in  the  chair,  ten  persons  present. 

The  minutes  of  the  last  meeting  (June  3, 1895)  were  read  and 
approved. 

Mr.  R.  E.  Dodge,  instructor  in  Geology  in  the  Teachers' 
College,  was  nominated  for  resident  membership,  and  referred 
to  the  Council. 

There  being  no  regular  business,  the  Secretary  made  an  in- 
formal report  of  the  recent  action  by  the  Council  in  connection 
with  the  proposed  reception  next  Spring,  and  in  regard  to  the 
lecture  course. 

The  various  members  of  the  Academy  then  gave  informal 
reports  upon  the  meeting  of  the  American  Association  for  the 
Advancement  of  Science  at  Springfield,  Mass.,  in  August,  last ; 
and  also  upon  the  proceedings  of  the  affiliated  scientific  socie- 
ties that  met  at  the  same  time. 

The  Academy  then  adjourned. 

J.  F.  Kemp, 
Secretary, 

Stated  Meeting. 
October  14th,  1895. 

The  Academy  met  with   Professor  R.  S.  Woodward,  Chair- 
man of  the  Section  of  Astronomy  and  Physics  in  the  chair. 
Twenty-two  persons  present. 

TBANSAcnoNS  N.  Y.  Acad.  Sci.,  Vol.  XV.,  Sig.  1,  January  18, 1896. 
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The  Secretary  presented  verbally  the  minutes  of  the  preced- 
ing meeting. 

There  being  no  business,  the  Section  of  Astronomy  and  Phy- 
sics immediately  organized,  and  listened  to  the  first  paper  of 
the  evening  by  Prop.  Harold  Jaooby,  entitled  "  The  Reduction 
of  Astro-Photographic  Plates." 

This  paper  was  read  by  title,  and  was  explained  as  being  a 
discussion  of  the  best  formulae  for  the  reduction  of  the  photo- 
graphic plates  selected  by  the  International  Committee  for  the 
Photographic  Mapping  of  all  the  Heavens.  It  will  be  published 
as  a  bulletin  of  the  Committee  at  Paris. 

The  second  paper  was  read  by  R.  S.  Woodward  :  "  Results 
of  Experiments  on  Metallic  Spheres  Falling  in  Water."  Prof. 
Woodward,  after  detailing  various  attempts  to  obtain  data  upon 
the  law  governing  the  motion  of  spheres  in  liquid,  reported 
the  results  of  a  preliminary  series  of  experiments,  made  at  Co- 
lumbia College  last  June.  The  experiments  were  performed  by 
dropping  spheres  of  steel,  silver,  aluminum  and  platinum  in  a 
tube  of  water  sixteen  feet  long  and  one  foot  in  diameter.  The 
spheres  varied  in  diameter  from  one  inch  to  two  inches.  The 
interesting  results  of  these  preliminary  tests  are  that  all  the 
spheres  acquired  a  constant  velocity  inside  of  the  first  metre. 
Newton's  law  that  resistance  to  motion  is  proportional  to  the 
square  of  velocity  seemed  to  be  verified.  The  times  of  falling 
were  determined  with  a  hyppchronoscope. 

More  elaborate  experiments  with  the  same  apparatus  will  be 
made  later.  This  paper  was  discussed  by  Prof.  Jacoby  and 
others. 

W.  Hallock  reported  upon  some  Summer  work  upon 
the  action  of  the  vocal  chords  in  voice  production,  and  described 
the  photographs  taken  of  the  chords  while  in  action,  illustrative 
of  their  operation. 

The  Academy  then  adjourned. 

Wm.  Hallock, 

Secretary  of  SecHov, 
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1895.]  NEW   TORK  ACADEMY  OF  SCIENCES. 

Stated  Meeting. 

October  2l8t,  1895. 

No  quorum  being  present  the  members  adjourned. 

J.  F.  Kemp,  Secretary. 


Stated  Meeting. 

October  28th,  1895. 

The  Academy  met  with  Vice-President  Stevenson  in  the 
chair ;  twenty  persons  present. 

The  minutes  of  the  last  meeting  were  read  and  approved. 
The  Secretary  presented  the  nomination  of  James  Marsland 
Lawton,  Jr.,  for  resident  membership.  The  nomination  was  re- 
ferred to  the  Council  in  the  regular  order. 

The  Geological  Section  then  organized  and  listened  to  the 
following  paper : 

GEOLOGICAL  NOTES. 
LONG  ISLAND  AND  NANTUCKET. 


By  Arthur  Hollick. 

This  paper  was  prepared  from  field  notes  taken  during  the 
3'ears  1894-95.  in  connection  with  the  Summer  School  of  Geology 
of  Columbia  College. 

Investigations  with  special  objects  in  view  were  made  during 
this  time,  which  have  been  the  subjects  of  previous  communica- 
tions.* After  utilizing  such  material  as  was  necessarj^^  for  these, 
a  number  of  disconnected  not^s  remained,  which  are  here  brought 
together. 

Long  Island. 

Marine  Cretaceous.  The  development  of  our  knowledge  in  re- 
gard to  the  extension  of  the  Cretaceous  formation  eastward  from 

*  Dislocations  in  Certain  Portions  of  the  Atlantic  Coastal  Plain  Strata  and  Their 
Probable  Causes.    Trans.  N.  Y.  Acad.  Sci.  XIV.    (Oct.  15tli,  1894)  8-20,  flgs.  1-6.  etc. 
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New  Jersey  has  consisted  of  a  series  of  discoveries,  the  signifi- 
cance of  which  could  only  be  appreciated  after  they  were  linked 
together.  The  occurrence  of  strata  belonging  to  the  so-called 
non-marine  Cretaceous  (Amboy  Clay  Series  of  Newberry,  Bari- 
tan  Formation  of  Clark,  Upper  Potomac  Formation  of  Ward) 
on  Staten  Island,  Long  Island  and  Martha's  Vineyard  was 
demonstrated  some  time  ago,  by  the  identification  of  numerous 
fossil  leaves  characteristic  of  the  horizon,  found  at  these  locali- 
ties. * 

Evidence  of  any  marine  cretaceous,  was,  however,  not  so 
abundant,  and  on  Long  Island  was  confined  to  the  alleged  dis- 
covery of  an  Exogyra,  in  the  momine  at  Brooklyn,  about  «ixty 
feet  below  the  surface,  f 

During  the  summer  and  autumn  of  1894  lithologic  indica- 
tions of  marl  strata  were  found  on  the  north  shore  of  Center 
Inland  at  Oyster  Bay,  but  a  subsequent  visit  to  the  locality 
failed  to  verify  them. 

Shortl}'  afterwards  word  was  received  from  Prof.  D.  S.  Mar- 
tin, of  the  Brooklyn  Institute,  that  a  drift  bowlder  containing 
cretaceous  molluscs,  found  on  Long  Island,  was  in  the  possession 
of  the  Institute.  This,  with  all  the  facts  in  regard  to  it,  was 
placed  at  my  disposal.  The  material  was  found  to  consist  of 
greensand  marl,  hardened  by  the  oxidation  of  iron,  and  con- 
tained poorly  preserved  remains  and  casts  of  Gryphma  vesicu- 
laris^  Ostrea  larva,  Cucullaea  sp.?,  Serpula  sp.?,  etc.  It  was 
discovered  during  the  excavation  of  a  reservoir  inthe  upper  por- 
tion of  the  moraine  at  East  New  York  (now  the  26th  ward  of 
Brooklyn). 

About  the  same  time  I  was  fortunate  enough  to  find  ferrugin- 
ous concretions  in  the  moraine  at  the  end  of  Montauk  Point, 
also  containing  fragmentary  molluscs,  too  imperfect  however 
for  accurate  determination.  One  specimen  is  apparently  a 
Oryphma  and  another  is  a  coiled  shell  resembling  a  Turrilella, 
but  further  than  this  no  comparison  would  be  advisable. 

Meagre  and  unsatisfactory  as  these  remains  are,  they  never- 
theless serve  to  indicate  the  former  existence  of  marine  cre- 
taceous strata  where  no  previous  evidence  of  such  had  been 
found.  Occurring  as  they  do,  as  morainal  material,  we  must 
necessarily  infer  that  the  outcrops  from  which  they  were  eroded 
existed  yet  further  to  the  north,  and  inasmuch  as  well-defined 

•I.  Hollick,  Arthur.  Trans.  N.  Y.  Acad.  Scl.  XI.  (1892)  06-104;  XII.  (1892)  28-39;  XII. 
(1898)  222-237;  Bull.  Torrey  Bot.  Club,  XXI.  (lKl>4)49-f«,  etc. 

2.  White,  David,  Am.  Journ.  Scl.,  XXXIX.  (18U0)  93-101. 

t  Jay,  P.  A.  and  Redfleld,  W.  C.  Minutes*  X.  Y.  Lyo.  Nat.  Hist.  Dec.  19th,  1842; 
Jan.  9th,  1848 ;  Abstr.  Proc.  4th  Session  Assn.  Am.  (ieol.  and  Nat.  in  Am.  Journ.  Sci. 
XL  v.  (1848)  loC. 
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marine  cretaceous  molluscs  have  been  found  at  the  southeast 
corner  of  Staten  Island,*  we  should  have  to  picture  the  former 
northern  limit  of  the  marl  belt  as  curving  northward  so  as  to  in^ 
elude  the  Narrows,  thence  diagonally'  across  New  York  Bay 
almost,  if  not  quite,  to  the  East  River,  and  thence  into  the  basin 
of  Long  Island  Sound  and  around  the  southeastern  coast  of 
New  England.  The  evidence  of  its  existence  so  far  to  the  north 
in  the  vicinity  of  New  York  is  somewhat  of  a  surprise,  and  indi- 
cates that  the  clay  belt  here  must  have  been  very  narrow  if  not 
entirely  absent  in  places.  Taken  in  connection  with  what  we 
previously  knew  in  regard  to  the  occurrence  of  marine  cre- 
taceous strata  eastward  we  should  infer  that  the  clay  belt 
widened  out  in  the  Sound  region  and  pinched  out  finally  some- 
Vhere  around  the  southeastern  New  England  coast. 

Yellow  OraveL — The  extension  of  the  Yellow  Gravel  fornxa- 
tion  from  New  Jersey  through  Staten  Island,  Long  Island  and 
eastward  has  always  been  a  subject  of  interest  to  me,  aside  from 
any  attempt  to  differentiate  it  into  more  than  one  horizon. 
Under  this  general  name  I  am  satisfied  that  the  formation  cov- 
ered the  entire  coastal  plain  region,  including  Long  Island, 
Martha's  Vineyard  and  Nantucket,  in  pre-glacial  times.  The 
difficulty  of  identifying  it  at  difierent  parts  of  this  region,  and 
of  differentiating  it  from  other  superficial  gravels  is  often  con- 
siderable, especially  as  it  is  so  frequently  involved  with  the 
gravels  of  the  moraine.  This  matter  was  discussed  by  me  in 
connection  with  explorations  made  on^he  north  shore  of  Long 
Island,t  where  the  characteristic  silicified  calcareous  pebbles, 
containing  palaeozoic  fossils,  were  found  as  far  east  as  Lloyd's 
Neck.  Subsequently  I  explored  the  gravels  of  the  plain  region, 
south  of  the  moraine,  with  the  result  that  similar  fossils  were 
found  in  abundance  as  far  east  as  Mineola — probably  as  abund- 
antly as  in  northern  New  Jersey.  Continuing  eastward  they 
became  more  and  more  rare ;  the  last  finds  being  made  in  the 
vicinity  of  Brentwood.  At  Lake  Ronkonkoma  I  failed  to  find 
any,  and  from  thence  further  east  the  gravel  was  entirely 
quartzose  and  granitic,  although  manifestly  representing  the 
same  formation. 

Distribution  of  Cretaceous  material  in  the  moraine, — In  the 
paper  last  quoted,  attention  was  called  to  the  well-known  fact 
that  there  are  two  branches  to  the  moraine  on  Long  Island  from 
Port  Jefferson  eastward.     The  northern  or  more  recent  one, 


^TheFalffiontologjr  of  the  CretaceooB  Formation  on  Staten  Island.  Trans.  N.  Y. 
Acad.  Sci.  XI.  (1892).  96-lM. 

fSome  Farther  Notes  on  the  Geology  of  the  North  Shore  of  Long  Island.  Trans. 
N.  Y.  Acad.  Scl.,  XIIl.  (1894),  122-129. 
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forms  Orient  Point,  the  southern  or  older  one,  Montauk  Point. 
In  the  exploration  of  the  northern  branch  I  stated  that  I  had 
failed  to  find  the  characteristic  ferruginous  concretions  and 
sandstones,  which  are  such  prominent  features  in  the  moraine 
towards  the  western  end  of  the  Island,  and  which  are  of  creta- 
ceous origin.  In  explanation  I  ventured  the  conclusion  that 
these  must  have  been  all  carried  forward  in  the  first  advance  of 
the  ice  and  should  therefore  be  found  in  the  Montauk  Point 
branch.  With  this  object  in  view  a  special  trip  was  made  and 
the  region  between  Easthampton  and  Montauk  Point  was 
thoroughly  examined. 

At  almost  every  exposure  the  characteristic  material  was 
found  in  greater  or  less  abundance.  Indications  of  fossils  were 
rare  however,  and  it  was  only  at  the  extreme  end  of  the  Point* 
that  any  were  discovered.  These  consist  of  the  molluscs  already 
mentioned  and  of  fragmentary  plant  remains.  Amongst  these  lat- 
ter is  a  specimen  of  Tricalycites  papyraceus  Newb.,  a  species 
originally  described  from  the  cretaceous  clays  of  Amboy,  N.  J., 
and  also  found  on  Lloyd's  Neck.  The  verification  of  the  con- 
clusions previously  arrived  at  was,  therefore,  highly  satisfactory. 

Nantucket. 

General  remarks, — The  geology  of  this  island  has  been  so 
thoroughly  described  by  Prof.  N.  S.  Shaler*  that  any  extended 
account  on  my  part  would  be  superfluous.  It  has  been  some- 
what irreverently  referred  to  by  popular  writers  as  "  a  sand  heap 
in  the  Atlantic  Ocean,  bounded  on  the  north  by  Cape  Cod,  on 
the  east  by  Spain,  on  the  south  by  the  West  Indies  and  on  the 
west  by  Martha's  Vineyard  and  Long  Island."  As  a  matter  of 
fact  it  is  an  exceedingly  isolated  piece  of  land,  when  compared 
with  any  other  portion  of  the  eastern  United  States,  being 
about  twenty  miles  distant  from  Cape  Cod,  ten  from  Martha's 
Vineyard  and  seventy-five  from  Long  Island.  It  is  composed 
entirely  of  morainal  debris,  except  for  the  broad  beaches  and 
long  sand  spits,  which  have  been  accumulated  in  more  recent 
times.  In  shape  it  is  rudely  crescentic  or  somewhat  resembling 
a  bill  hook.  The  greatest  length — from  Siasconsett  to  Tucker- 
nuck  Island — is  about  ten  miles,  and  if  the  long,  narrow  sand 
spit  known  as  Coatue  Beach  is  disregarded,  the  average  width 
at  right  angles  to  the  greatest  length  is  about  two  miles.  The 
actual  area  is  probably  about  eleven  square  miles. 

The  interest  which  especially  attaches  to  the  island  is  due  to 
the  fact  that  it  occupies  the  extreme  southeastern  limit  of  glacial 

•The  Geology  of  Nantucket    Bull.  no.  63,  U.  a  Geol.  Survey. 
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action  in  North  America,  thus  presenting  certain  features  not 
found  elsewhere. 

Character  of  the  morainal  material — To  the  student  of  gla- 
cial phenomena  one  of  the  most  interesting  features  is  the 
changes  to  be  observed  in  the  character  of  the  morainal  material 
in  passing  from  place  to  place  in  an  east  or  west  direction.  Thus 
on  Staten  Island  it  is  largely  ofTriassic  origin,  but  with  De- 
vonian and  Silurian  erratics  and  some  crystallines.  On  Long 
Island  the  crystalline  rocks  of  New  York  and  New  England  are 
the  predominent  features,  with  cretaceous  clays  and  an  occa- 
sional trail  of  Triassic  sandstone  from  some  limited  area,  while 
palaeozoic  rocks  are  rare.  On  Martha's  Vineyard  clays,  marls 
and  sands  of  Cretaceous  and  Tertiary  age,  and  New  England 
crystallines,  are  practically  all  that  are  to  be  found.  On  Nan- 
tucket, in  addition  to  quartzites  and  granites,  we  meet  for  the 
first  time  the  igneous  felsites  and  porphyries  from  eastern  New 
England  and  occasional  remains  of  Carboniferous  rocks,  pre- 
sumably from  the  Rhode  Island  area. 

In  general  structure  the  hills  are  strikingly  like  those  of  Long 
Island  from  Port  Jefferson  to  Orient  Point,  that  is  to  say  the 
material  of  which  they  are  composed  is  water  worn,  gravelly 
and  sandy,  ^ith  but  little  till  and  clay,  the  latter  usually  repre- 
senting limi'  {  local  deposits,  although  the  indications  are  tha 
near  to  and  elow  sea  level  clay  strata  of  considerable  extent 
occur,  upon  which  the  sand  and  gravel  deposits  rest. 

The  only  sections  recently  exposed  and  not  previously  de- 
scribed are  to  be  seen  along  the  cuts  made  for  a  new  railroad 
across  the  hills  from  Nantucket  City  to  Siasconsett.  One  of 
these  cuts,  about  a  mile  from  Nantucket  City,  at  an  elevation  of 
sixty  feet,  is  eight  feet  in  depth.  Here  I  found  a  lenticular  mass 
of  bluish-brown  clay  extending  laterally'  for  a  distance  of  about 
one  hundred  and  fifty  feet,  about  three  feet  thick  at  the  widest 
part,  thinning  out  into  a  broken  seam  at  each  end  and  contain- 
ing numerous  small  pebbles.  It  was  underlain  by  stratified 
gravel  and  sand  and  overlain  by  unstratified  surface  sand.  In 
other  cuts  visited  nothing  of  importance  was  noted.  The  ex- 
posures were  mostly  of  stratified  sand  and  gravel  with  little  or 
no  claj'  or  till  and  few  bowlders. 

Paleontology.  The  bluff  which  faces  the  ocean  at  Sankaty 
(spelled  also  Sankoty  and  Sancoti)  Head  is  the  locality  which 
has  received  the  largest  share  of  attention  from  geologists, 
partly  for  the  reason  that  the  summit  of  the  bluff  is  about 
eighty  feet  above  tide  level,  the  face  affording  the  best  exposure 
for  studying  the  geological  structure  to  be  found  anywhere  on 
the  island,  and  partly  because  fossiliferous  beds  of  Post-Pliocene 
age  occur  there. 
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These  latter  were  made  the  subject  of  a  communication  by 
Messrs.  E.  Desor  and  E.  C.  Cabot  as  far  back  as  1849,*  and  an 
abstract  of  the  same  by  Mr.  A.  S.  Packard  appeared  in  ISGG,-}* 
while  in  1875  a  more  extended  account  was  published  by  Messrs. 
S.  H.  Scudder  and  A.  E.  Verrill.J  In  this  latter  paper  more 
than  fifty  molluscs,  besides  several  bryozoons,  crustaceans  and 
echinoderms,  are  enumerated  ae  having  been  found  there.  It  is 
evident  that  there  must  have  been  a  far  better  exposure  of  the 
strata  when  these  accounts  were  written  than  exists  at  the  pres- 
ent time.  Thus  the  section  as  described  by  Desor  and  Cabot 
consisted  of  a  bed  of  brown  clay  at  the  base,  about  twenty  feet 
in  thickness,  over  which  were  some  sixty-five  feet  of  stratified 
sands  and  gravels  with  peat  and  dune  sand  on  the  surface* 
Scudder  also  gives  the  same  general  description  of  the  section, 
while  in  Shaler's  report  he  notes  the  changes  which  have  taken 
place  in  recent  years,  the  formation  of  a  wide  beach  and  the 
masking  of  the  base  by  a  talus  upon  which  a  considerable 
growth  of  vegetation  has  taken  hold,  resulting  in  the  complete 
obliteration  of  all  trace  of  the  clay. 

At  the  time  of  my  visit  I  searched  for  a  long  time  before  I 
could  find  any  indications  of  a  shell  bed,  but  finally  discovered 
an  exposure  about  a  quarter  of  a  mile  south  of  Snikaty  Head 
lighthouse.  It  was  so  mixed  up  in  the  talus  that  its  limits,  es^- 
peciall}'  in  the  lower  part,  were  impossible  to  define,  but  I 
judged  that  the  upper  limit  was  about  twent}'  feet  above  high 
water  level  and  extended  laterally  only  for  a  distance  of  some 
fifteen  feet.  The  deposit  had  more  the  appearance  of  a  pocket 
than  a  layer.  Two  hundred  and  sixty-one  specimens,  good, 
bad  and  indifierent,  were  collected,  of  which  two  hundred  and 
five  are  Ostrea,  Area  {Scapharca)^  Serpula  and  Venus,  and  of 
these  a  much  larger  number  could  have  been  gathered. 

Following  is  a  complete  list,  for  verifications  in  which  I  am 
indebted  to  Professor  R.  P.  Whitfield,  of  the  American  Museum 
of  Natural  History : 

MOLLUSCA. 

Buccinum  undatum  Linn^.     (Fragmentary.) 
Ilyanassa  ohsoleta  (Say.)  Stimp. 
Crepid  ula  apf     ( Fragmentary.) 


^  On  the  Tertiary  and  more  recent  deposits  in  the  Island  of  Nantucket.  Quart.  Joum. 
Qeol.  8oc.,  London,  V.  (1849)  Proc.  p.  340;  also  referred  to  in  Proc.  Boston  8oc.  Nat. 
Hist,  III.  (1848)  79,  and  Am.  Joum.  Sci..  XIV.  (1852),  51. 

fMem.  Boston  Soc.  Nat.  Hist.  I.  (1866),  252. 

}  On  the  Pos^Pliocene  fossils  of  Sankoty  Head,  Nantucket  Island ;  by  A.  E.  Verrill ; 
with  a  Note  on  the  geology ;  by  S.  U.  Scudder,  Am.  Journ.  Sci.,  X.  (1876),  964-875. 
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Crucibulum  striatum  (Say.)  H.  &  A.  Ad. 

Fanopeea  spf    (Fragmentary.) 

Mesodesma  Jauresi  Joan. 

Venus  mercenaria  Linn^. 

Venericardia  borealis  (Conr.)  Carp. 

Astarte  undata  Gould. 

Area  (Scapharca^  transversa  Ad. 

Modiola  spf    (Fragmentary.) 

Ostrea  Virginiana  (Lister.)  Fav.  i 

*  .  i?  . 
Crustacea.  Annelida.  Bryozoa.  Porifera. 

Balanus  eburneus  Qould,  ' 

Balanus  porcatus  Costa,,     (Separate  pieces  oily.) 
Serpula  (^Hydroides)  dianthus  Ver.     (Many   specimens 
.    covered  with  a  bryozo5n — Escharina   Isabelliana 
D'Orb?) 
Cliona  sulphurea  (Desor.)  Yet,     (Represented  by  bor- 
ings, especially  in  the  shells  of  Ostrea  and  Area, 

Except  in  the  case  of  Fanopaea  and  Mesodesma  this  list  adds 
nothing  new  to  the  previously  published  fauna  of  the  shell  bed, 
but  continuous  records  of  collections  from  the  locality  are  of 
value  and  doubtless  occasional  new  species  will  turn  up  when- 
ever the  material  in  the  bed  is  carefully  examined. 

The  most  interesting  and  unexpected  find  was  a  fragment  of 
silicified  wood  in  the  talus  near  the  foot  of  the  bluff,  about  a 
quarter  of  a  mile  east  of  the  lighthouse.  A  superficial  exami- 
nation in  the  field  led  me  to  think  that  it  jifpst  be  a  piece  |Of 
palm  wood.  Subsequently  sections  were  prepared  for  micro- 
scopic examination,  but  the  tissues  were  found  to  be  too  im- 
perfectly preserved  for  specific  determination.  They  were  sub- 
mitted to  Dr.  C.  C.  Curtis,  of  Columbia  College,  and  to  Dr.  F. 
H.  Enowlton,  of  the  United  States  Geological  Surve}'.  Dr. 
Curtis  recognized  the  endogenous  structure,  without,  however, 
deciding  it  to  be  palm  wood.  Dr.  Knowlton  considered  it  un- 
doubtedly to  represent  a  palm.  I  was  unable  to  satisfy  myself 
that  it  was  either  the  same  as  or  difierent  from  certain  species 
of  Palmoxylon  *  previously  described.  The  only  ones  reported 
from  the  Eastern  United .  States,  however,  were  found  in  the 


•  Palmoxylon  Schenk,  EngL  Bot.  Jahrb.  III.  (1882)  486.    A  generic  term  used  to 
designate  foasU  palm  wood. 
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Pliocene(?)  of  Rapides  Parish  Louisiana.*  These  specimens 
also  are  described  as  being  completely  silicified  and  they  ap- 
parently represent  the  same  or  nearly  the  same  geological  hori- 
zon as  that  at  Sankaty  Head.  The  age  of  our  specimen  is 
doubtless  older  than  the  Post-Pliocene  sands  in  which  it  was 
found,  however,  and  probably  represents  material  which  was 
eroded  from  Tertiary  strata  formerly  existing  at  some  point  on 
or  near  to  the  present  eastern  coast  of  Massachusetts. 

This  conclusion  seems  to  be  a  reasonable  one  so  far  as  the 
geological  age  is  concerned,  as  palms  have  not  been  definitely 
recognized  below  upper  Cretaceous  strata,  and  the  only  indica- 
tion  which  we  have  of  any  palm  representing  the  Cretaceous  in 
eastern  North  America  is  the  problematic  one  which  I  have 
called  Serenopsis  from  Glen  Cove,  Long  Island.f 

This  is  of  significance  when  taken  in  connection  with  the  sup- 
posed existence  of  marine  cretaceous  strata  at  Marshfield, 
Mass.jJ  in  which  case  the  Tertiary  strata,  had  they  been  present, 
would  have  normally  occupied  an  area  yet  further  to  the  east- 
ward. It  is  of  further  significance  as  an  indication  of  the  prob- 
able direction  of  glacial  movement  in  the  region  under  consid- 
eration, and  is  confirmatory  of  Prof.  Shaler's  idea  that  nearly 
all  the  glacial  waste  of  Nantucket  was  derived  from  a  region 
east  of  ^^  a  meridional  ine  lying  at  least  ten  miles  east  of  Bos- 
ton."§ 

Note. — Since  writing  the  above  I  have  received  the  following 
paper  from  Dr.  P.  J.  H.  Merrill  of  the  New  York  State  Museum, 
with  request  that  it  be  published  in  full : 


POST-PLIOCBNE  DEPOSITS  OP  SANKATY  HEAD.|| 
By  Frederick  J.  H.  Merrill. 

The  geology  of  Nantucket  is  quite  similar  to  that  of  Long 
Island,  as  it  consists  largely  of  stratified  sands  and  gravels  of 


*  Description  of  two  species  ot  Palmoxylon— one  new— from  Louisiana.  F.  H. 
Knowlton,  Proc.  U.  8.  Nat.  Mus.  XI.  (1888),  89-91,  PI.  XXX. 

fl.  Bull.  Torrey  Hot.  aub,  XX.  (1893)  168, 169,  pi.  CXLIX. 
2.  L  c,  834,  336,  pi.  CLXVI. 

Jl.  Hitchcock,  Edward.    Am.  Journ.  Sci.  XXII.  (1882),  l-7a 
2.  Shaler.  N.  8.    Bull.  Geol.  Soc.  Am.  I.  (1890),  443-452. 

gThe  Geology  of  Nantucket,  I.  c,  p.  27. 

I  The  Editor  of  the  Transactions  has  received  this  paper  with  the  statement  that  it 
is  the  same  one  that  was  read  October  25, 18S6,  under  title  "  Notes  on  the  Geology  of 
Block  Island  and  Nantucket."    On  p.  35  of  Vol.  VI.  o<  the  Transactions  it  is  recorded  as 

f>rinted  in  the  Annals,  Vol.  IV.    This  is  erroneous,  as  it  has  not  previously  been  sent  in 
or  publication.    It  is  inserted  at  this  point  by  order  of  the  Council. 
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the  Post-Piiocene  series,  probably  underlaid  by  clay  and  over- 
laid in  many  places  unconformabl}'^  by  the  surface  drift. 

The  range  of  hills  which  marks  the  extreme  southern  limit  of 
the  drift  is  quite  irregular,  like  that  on  Long  Island,  and  aver- 
ages about  90  ft.  in  height,  likewise  partly  formed  by  the  up- 
heaval of  stratified  beds  in  folds  parallel  to  the  front  of  the  ice 
sheet,  which  in  this  region  had  a  direction  a  little  south  of  east. 
Sankaty  Head,  the  most  easterly  point  of  the  range,  has  an  alti- 
tude of  about  105  ft.,  being  the  highest  point  on  the  island.  It 
derives  its  geological  importance  from  the  section  there  exposed 
and  the  Vcds  of  Post-Pliocene  fossils  occurring  near  the  foot  of 
the  bluff. 

The  locality  was  visited  in  1849  by  Cabot  and  Desor,  who  in 
a  short  article  on  the  subject  made  some  stratigraphical  gen- 
eralizations which  were  entirely  imaginary.  In  1875  it  was 
visited  by  a  party  of  the  U.  S.  Fish  Commission  consisting  of 
Prof.  A.  Hyatt,  Mr.  Sanderson  Smith,  Mr.  C.  H.  Merriam  and 
others,  who  made  a  collection  of  the  fossils.  Afterwards  Mr. 
S.  H.  Sc udder,  of  Cambridge,  Mass.,  had  an  excavation  made 
into  the  cliff,  and  Mr.  Richard  Rathbun  made  a  collection  of 
fossils.  As  the  result  of  these  researches  we  have  the  article 
published  in  the  American  Journal  of  Science,  Vol.  X.,  3d 
Series,  by  Prof.  A.  Verrill.  As  my  own  observations  differ 
somewhat  from  those  of  Mr.  Scudder,  I  shall  give  them  in  de- 
tail, afterward  comparing  my  conclusions  with  those  of  the  in- 
vestigator in  question. 

At  a  point  about  three  hundred  yards  south  of  the  lighthouse, 
which  is  near  the  summit  of  the  eminence  the  following  section 
is  exposed : 

1.  Fine  dark  drifted  sand 3  ft. 

2.  Yellow  sandy  drift  ferruginous  at  the  bottom 
and  containing  pebbles 5  ^^ 

3.  Coarse  gray  stratified  sand  with  particles  of 
greensand 40  '* 

4.  Fine  white  clayey  sand  with  ferruginous  streaks 
and  very  minute  particles  of  greensand 10  " 

5.  Fragment  bed 1  " 

6.  Upper  shell  bed 8  in. 

T.  Clayey  ferruginous  sand 4  " 

8.  Serpula  sand 1  "   3  " 

9.  Lower  shell  bed 9  " 

10.  Red  sand  with  fragments  of  blue  clay 1  " 

11.  White  sand  of  varying  quality  and  size 4  " 

Concealed  by  turf  and  beach  sand 24  '^ 

Total 90  ft. 
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Below  stratuin.  11, 1  was  unable  to  examine  the  stratification 
on  account  of  the  tough  grass  which  had  overgrown  the  bottom 
of  the  cliff  and  resisted  the  means  of  excavation  which  I  had  at 
hand.  Underneath  the  white  sand,  according  to  Mr.  Scudder, 
there  is  about  4  ft.  of  coarse  gravel  and  sand  which  in  turn  is 
underlaid  by  a  brown  sandy  clay  extending  downward  to  the 
sea  level.  The  lower  shell  bed  is  composed  of  reddish  clayey 
sand  like  that  the  Gardiners'  I.«  and  contains  chiefly  Venus  mer-. 
cenaria  and  Ostrea  Virginiana^  the  latter,  being  especially  abun- 
dant. Angular  pebbles  of  1^  in.  or  less  diameter  are  numerous j 
The  shells  of  Mya,  Venus  and  Ostrea  lie  in  all  positions,  the 
valves  being  often  separated.  The  following  is  a  list  of  species 
collected  by  the  writer : 

MOLLUSCA. 

B.  Ilyanassa  obsoleta  Stm. 
.       B.  Grepidula  fornicata  Lam. 
B.  "         plana  Say. 

"         convexa .  Say. 
)  Odostomia  trifida  Gould.  . .       ,    . 

Turbonilla  interrupta  Ad. 
My  a  arenaria  Linn. 
B.  Ensatella  Americana  Yer. 
Cumingia  teliinoides  Con. 
B.  Venus  mercenaria  Linn.  .  , 

B.  Scapharca  transversa  Ad. 

Modiola  hamatus  Yer. 
B.  Ostrea  Yirginiana  Lister. 

Not£. — B  indicates  that  the  species  has  also  been  found  in  the 
upper  bed  by  Prof.  Yerrill  or  the  writer. 

Many  of  the  oyster  shells  were  honeycombed  by  the  borings 
of  Cliona  sulphurea  Yer. 

The  Serpula  bed  at  the  bottom  consists  of  detached  masses 
of  Serpula  dianthus  Yer.  closely  packed  together  and  intermixed 
with  yellow  sand  and  some  clayey  matter,  while  at  the  top  the 
calcareous  tubes  are  very  much  comminuted.  Much  of  the 
Serpula  is  overgrown  with  the  Polyzoan,  Hippothoa  variabilis 
Yer.  .  According  to  Mr.  Scudder,  who  superintended  the  exca- 
vations made  in  1875  the  bed  in  question  was  ^^  almost  wholly 
devoid  of  other  fossils,"  but  at  the  point  where  I  examined  it  I 
found  an  abundance  of  shells  of  various  species,  viz.: 

1.  Ilyanassa  obsoleta  Stm. 

2.  Fusus  scarlariformis  Stm. 
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3.  XJrosalpinx  cinerea  Stm. 

4.  Odostomia  trifida  Gould. 
6.  Turbonilla  interrupta  Ad. 

6.  Grepidula  fornicata  Lam. 

7.  "  convexa  Say. 

8.  Ensatella  Americana  Yer. 

9.  Venus  mercenaria  Linn. 
10.  Scapharca  transversa  Ad. 
IL  Modiola  hamatus  Yer. 

12.  Gumingia  tellinoides  Gon. 

13.  Astarte  castanea  Say. 

14.  '^       quadrans  Gould. 

Crustacea,  etc. 
P  Balanus  ebumeus  Gould. 
Panopeus?  Glaws. 

Over  the  Serpula  bed  is  a  layer  of  compact  clayey  sand  con- 
taining Ostrea  Virginiana  and  small  specimens  of  Area  pexata. 
The  upper  shell  bed  consists  of  coarse  beach  sand  with  pebbles; 
slightly  intermixed  with  clayey  matter,  and  afforded  the  follow- 
ing shells : 

Ilyanassa  obsoleta  Stm. 

Grucibulum  striatum  Ad. 

Grepidula  fornicata  Lam. 

Geronia  arctata  Ad. 

Yenus  mercenaria  Linn.,  very  abundant. 

Gyclocardia  Novangliae  Morse. 

Scapharca  transversa  Ad. 

Astarte  undata  Gould. 

"      castanea  Say. 
Ostrea  Yirginiana  Lister. 

The  uppermost  fossil iferous  stratum  which  I  have  called  the 
fragment  bed,  but  which  Mr.  Scudder  has  included  with  the 
upper  shell  bed,  consists  of  white  quartz  sand  and  pebbles  with 
a  great  abundance  of  comminuted  shells.  It  contains  a  small 
proportion  of  clayey  matter  but  differs  very  much  from  the 
upper  shell  bed,  both  by  the  condition  of  the  fossils  and  by 
the  entire  absence  of  any  ferruginous  matter.  In  this  layer  I 
found  the  following  species : 

1.  Ilyanassa  obsoleta.     Stm. 

2.  Lunatia  heros     Ad. 

3.  Skenea  planorbis. 

4.  Margarita  obscura  Gould,  fragments. 

5.  Rissoa  aculea.     Stm. 
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6.  Gsecum  pulchelluin.     Stni. 

7.  Mactra  solidisstma.     Chem. 

8.  Cyclocardia  Novangliae.     Morse. 

9.  Modiola  modiolus.     Turton. 

10.  Astarte  quadrans.    Gould. 

1 1.  Balanus  porcatus,  very  numerous  fragments. 

On  the  surface  of  the  bank,  in  addition  to  species  already 
enumerated,  I  collected  two  specimens  of  Crenella  glandula  Ad. 
As  this  shell  is  mentioned  by  Prof.  Yerrill  as  occurring  in  the 
lower  bed,  it  is  probable  that  the  specimens  in  question  be- 
longed to  that  stratum. 

Layers  3  and  4  are  homologous  with  the  stratified  sand  which 
forms  the  bluffs  of  the  east  and  north  shores  and  probably  com- 
poses  the  whole  island.  The  greensand  is  probably  a  con- 
stituent of  the  whole  deposit,  as  it  occurs  everywhere  in  the 
bluffs  within  two  miles  of  Sankaty  Head  and  also  at  the  town  of 
Nantucket. 

In  Macy^s  History  of  Nantucket  it  is  stated  that  shells  have 
frequently  been  found  in  digging  wells  on  the  island.  Prof. 
Yerrill  in  discussing  the  probable  origin  of  these  beds  states 
that  the  character  of  the  fossils  indicate  a  reduction  in  the  tem- 
perature of  the  water  of  about  15^  between  the  deposition  of  the 
lower  and  upper  beds.  He  assumes  that  the  lower  and  Serpula 
beds  were  formed  in  some  shallow  bay  protected  from  the  outer 
waters  by  a  terrestrial  barrier  which  was  eventually  removed 
and  the  cold  outer  waters  flowing  in,  the  Atlantic  surf  filled  the 
bay  with  beach  sand  and  broken  shells. 

From  my  own  study  of  the  deposit  in  question,  I  am  inclined 
to  differ  with  Prof.  Yerrill  to  some  extent,  and  T  do  so  with  less 
reluctance  inasmuch  as  he  has  not  examined  the  locality  him- 
self. 

The  appearance  and  character  of  the  different  beds  give  strong 
indications  that  they  are  largely  composed  of  transported  ma- 
terial, and  are  the  work,  to  a  certain  extent,  of  swift  currents. 
The  sand  of  the  lower  shell  bed  is  clayey  and  ferruginous,  and 
contains  pebbles  ranging  up  to  1^  inches  in  diameter.  The  shells, 
moreover,  of  Ostrea,  Venus  and  Hya  lie  in  all  positions,  the 
valves  being  often  separated.  This  state  of  affairs  is  difficult  to 
reconcile  with  Prof.  Yerrill's  generalization.  If  the  clayey  fer- 
ruginous sand  were  the  bottom  of  a  sheltered  bay,  we  have  no 
means  of  accounting  for  the  pebbles  or  the  condition  of  the 
shells.  If,  on  the  other  hand,  it  were  a  deposit  subject  to  the 
action  of  waves,  the  clayey  matter  would  have  been  washed  from 
the  sand.     Apparently  the  conditions  were  such  that  the  peb- 
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bles,  sand  and  clay  were  transported  with  the  shells  and  de- 
posited in  their  present  resting  place. 

The  serpula  bed  also  presents  some  marked  characteristics, 
the  first  of  which  is  that  all  the  tubes  are  free  and  completely 
separated  from  any  attachment  they  may  have  had  previous  to 
their  deposition.  It  cannot  be  advanced  that  they  may  never 
have  been  attached,  for  the  habit  of  the  Serpula  is  well  known. 
The  surface  of  the  bed  moreover  consists  of  a  layer  of  pulverized 
Serpuia  such  as  might  be  produced  by  the  action  of  waves  in 
shallow  water,  were  not  the  intermixture  of  clayey  sand  with  the 
Serpula  conclusive  evidence  that  no  such  action  took  place  at 
this  point  while  the  deposit  was  being  formed.  Moreover  there 
occur  in  the  bed  angular  fragments  of  rock,  such  as  are  only 
produced  by  glacial  action.  If  to  account  for  these  we 
assume  that  they  have  been  dropped  from  floating  ice  at  this 
point,  we  should  expect  to  find  an  appreciable  quantity  of  drift 
mingled  with  the  Serpula,  but  we  do  not,  as  the  small  amount  ot 
clayey  matter  intimately  mingled  with  the  tubes  could  not  have 
been  introduced  in  this  way.  We  must  therefore  conclude  that 
this  is  also  transported  material  from  deposits  formed,  perhaps, 
only  a  short  time  previous.  The  shells  of  Venus  mercenaria, 
moreover,  appear  to  have  been  subjected  to  considerable  friction 
from  their  smooth  convex  surface. 

In  the  upper  shell  bed  we  have  again  a  repetition  of  this  evi- 
dence. Mr.  Rathbun's  observations,  however,  are  not  cor- 
roborated by  the  section  exposed  at  the  time  of  my  visit.  He 
states  that  the  upper  bed  consists  chiefiy  of  broken  shells  with- 
out any  ferruginous  matter.  While  this  is  true  of  the  fhigment 
bed  it  does  not  apply  to  the  fossiliferous  stratum  immediately 
overlying  the  Serpula  bed,  which  is  quite  similar  to  the  lower 
shell  bed,  but  differs  in  its  fossils,  as  already  stated. 

The  fragment  bed,  which  crowns  the  shell-bearing  strata, 
ofiers  a  striking  resemblance  to  unsolidified  coquina,  as  Mr. 
Scudder  has  very  justly  remarked.  It,  however,  difiiers  from  it 
in  the  fact  that  it  contains  much  fine  clayey  matter,  and  hence, 
as  a  whole,  cannot  have  been  the  immediate  result  of  surf  action. 

The  assumption  that  these  beds  consist  chiefly  of  transported 
material  is  supported  by  the  fact  of  the  occurrence  of  glauconite 
in  the  stratified  sands  above  and  below  the  shell  beds.  This  is 
well  known  to  be  a  deep-water  deposit  and  to  occur  out  of  reach 
of  the  land  wash.  Its  presence  in  the  deposits  under  consider- 
ation must,  therefore,  be  due  to  the  erosion  of  older  beds  and 
the  mingling  of  their  debris  with  tine  sand  which  was  brought 
to  this  region  and  deposited  by  currents  probably  originating 
from  the  first  melting  of  the  ice  sheet.     Again,  at  a  point  a  few 
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hundred  yards  north  of  the  lighthouse,  the  upper  stratified  sands 
contain  minute  fragments  of  shells  here  also,  showing  the  work 
of  a  transporting  agency. 

In  conclusion,  therefore,  we  may  infer  that  the  stratified  beds 
which  mainly  compose  Nantucket  are  formed  of  the  d^ris  of 
older  beds  possibly  mingled  with  the  worked-over  drift  of  the 
early  Quaternary.  We  may  also  infer  that  Prof.  Verrill's  de- 
ductions from  the  characteristics  of  the  fossils  enumerated,  al- 
though they  may  be  true  of  the  original  deposits,  cannot  be 
accepted  as  holding  good  for  the  beds  as  they  occur  at  Sankaty 
Head. 


NOTES 'ON  THE  GEOLOGY  OP  BLOCK  ISLA.ND. 
By  Prederigk  J.  H.  Merrill. 

This  island,  which  is  about  15  miles  northeast  of  Montauk 
Point,  is  the  eastward  continuation  of  the  deposits  which  occur 
on  Long  Island  and  forms  a  link  in  the  broken  chain  of  hills 
which  marks  the  former  southern  extension  of  the  continental 
glacier  along  the  coast  of  New  England.  It  is  nine  miles  long 
and  five  miles  broad  in  the  widest  part,  and  is  noticeable  from  a 
distance  on  account  of  its  high  elevation,  a  large  portion  of  the 
island  being  about  125  feet  above  the  sea,  Beacon  Hill,  the 
highest  point,  having  an  altitude  of  210  feet.  As  at  Gardiner's 
I.,  and  elsewhere,  the  stratified  beds  are  upheaved  in  parallel 
folds  which  trend  from  east  to  west  and  the  general  surface  con- 
forms to  these  elevations,  but  the  undulating  surface  of  Mon- 
tauk Point  is  here  presented  on  a  larger  scale,  the  minor  inequali- 
ties of  the  surface  bearing  no  visible  relation  to  the  disturbance 
of  the  underljMng  strata. 

As  shown  by  the  map,  the  island  is  divided  into  two  principal 
areas  of  elevation  by  Great  or  Salt  Pond,  which  contains  about 
1000  acres  and  is  somewhat  more  than  seventy  feet  deep.  This 
body  of  water  was  formerl}'  a  bay  connected  with  the  ocean  on 
the  northwest,  but  at  present  it  is  separated  from  the  sea  on 
either  side  by  low  and  narrow  necks  of  sand,  beach  and  salt 
marsh.  The  northern  area  of  elevation  presents  on  the  east  an 
extensive  section  in  the  bluffs  near  Clay  Head,  which  extend  for 
a.  mile  and  one-half  from  north  to  south  and  have  a  maximum 
altitude  of  about  one.  hundred  feet.  The  formation  here  con- 
sists of  stratified  sand,  gravel  and  dark  lignitic  clay  raised  up 
in  anticlinals  of  15°  to  20°  slope  and  overlaid  by  a  thin  stratum 
of  surface  drift  or  till.     The  lignitic  clay  which  occurs  through-' 
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out  the  island,  evidently  consists  of  transported  material,  from 
its  heterogeneous  composition,  lignite  sand,cla3'  and  pebbles  be- 
ing in  places  mingled  together.  The  following  section  taken 
about  a  quarter  of  a  mile  south  of  Clay  Head  will  show  the 
general  character  of  the  formation  : 

Surface  loam  and  drift 3  ft. 

Blue  clay 6  •' 

Stratified  sand 15  " 

Cobble-stone  bed 4  " 

Stratified  bluish  clay  and  sand 12  " 

Ferruginous  sandstone,  soft 3  " 

Whitish  sand 4  *' 

Blue  sandy  clay 10  ** 

To  the  beach 57  " 

At  this  point  the  three  lowest  beds  are  disturbed  and  faulted 
as  shown  in  the  following  sketch. 


f:.-. 


Fig.  1. 


This  formation  shows  that  there  were  two  advances  of  the  ice 
sheet  during  the  deposition  of  these  strata,  the  first  producing 
the  disturbance  shown  in  the  lower  part  of  the  section  when 
only  those  beds  had  been  formed  and  the  second  producing  the 
low  but  extensive  anticlinal,  in  the  north  slope  of  which  this 
point  is  situated. 

Haifa  mile  south,  stratified  sand,  kaolin  and  white  clay  rise 
up  through  the  lowest  strata  in  an  abrupt  fold,  the  top  of  which 
has  a  curve  of  about  thirty  feet  radius.     This   deposit  in  char- 
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acter  and   position    is    entirely    analogous    to    that  at   Glen 
Cove,  L.  I. 

South  of  Great  Pond  is  the  larger  and  more  elevatecl  portion 
of  the  island.  It  is  quite  similar  in  structure  and  material  to 
the  northern  part,  already  described.  The  lignitic  clay,  however, 
forms  a  more  important  feature  in  the  formation  and  in  the 
bluffs  at  the  southeastern  extremity  attains  its  greatest  develop- 
ment. From  the  breakwater  southward  and  westward  very  ex- 
tensive sections  are  displayed.  Here  again  the  stratified  beds 
are  upheaved,  the  axes  of  the  folds  having  the  same  northeast- 
erly trend.  About  200  yards  south  of  the  breakwater  the  banks 
are  about  30  feet  high  and  consist  of  surface  drift,  finely  lami- 
nated sand  and  lignitic  clay.  The  latter  varies  from  four  to  six 
feet  in  thickness  and  in  many  places  is  mingled  with  sand.  The 
lignite  is  in  quite  small  pieces  and  has  nodules  of  pyrites  asso- 
ciated with  it.  A  section  taken  about  one-fourth  mile  east  of 
the  south  light  was  as  follows : 

Dark  sandy  clay  with  pebbles 10  ft. 

Fine  gray  sand 2  " 

Dark  clay  with  pebbles  and  thin  layers  of  sand 10  " 

Ferruginous  sand 8  " 

Dark  blue  sand  clay 1  " 

Fine  compact  yellowish  sand 1  " 

Dark  blue  plastic  clay ^  " 

Yellow  stratified  gravel  with  cobble  stones 20  " 

To  the  beach   52^  " 

At  the  south  light  house  the  cliffs  are  about  152  feet  high  and 
consist  chiefly  of  dark  stratified  sandy  clay,  sand  and  gravel, 
which  have  been  eroded  into  deep  gullies  separated  by  project- 
ing ridges  and  pinnacles  which  present  a  most  picturesque 
aspect. 

West  of  the  lighthouse  the  dark  clays  become  less  promi- 
nent and  the  cliffs  are  chiefly  composed  of  stratified  sand  and 
gravel.  The  surface  drift  of  the  island  nowhere  attains  any 
great  thickness  but  contains  many  large  boulders. 

A  study  of  these  deposits  reveals  the  fact  that  Block  Island 
consists  of  Post-pliocene  stratified  beds  underlaid  by  white 
clays  and  sands  which  may  be  of  Cretaceous  age.  These  strata 
at  intervals  during  the  deposition  of  the  former  have  been  sub- 
jected to  glacial  action  which  has  folded  and  contorted  them, 
and  finally  in  the  Champlain  period  the  ice  has  dropped  upon 
their  surface  whatever  boulders  or  dSbria  were  imbedded  in  its 
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mass.     The  lignitic  clay  is  evidently  composed  of  transported 
material  from  some  Cretaceous  or  Tertiary  bed  to  the  northward. 

Mr.  Hollick's  paper  was  discussed  by  Prof.  W.  M.  Davis. 

The  second  paper  of  the  evening  was  the  following : 


AN  ACCOUNT  OP  THE  SUMMER'S  WORK  IN  GEOL- 
OGY ON  LAKE  CHAMPLAIN. 

By  GiLBEaT  van  Inqen  and  Theodore  G.  White. 

During  four  weeks  of  June  and  July,  1895,  the  writers  were 
engaged  in  an  examination  of  the  Ordovician  rocks  of  the 
Champlain  Yalley.  A  few  localities  on  the  western  side  of  Lake 
Champlain  had  already  been  examined  by  persons  connected 
with  the  Department  of  Geology  of  Columbia  College.  These 
localities,  four  in  number,  namely  Port  Henry,  Westport,  Essex 
and  Willsboro'  were  not  again  visited  this  year.  During  the 
trip  all  the  important  localities  on  both  sides  of  the  lake  were 
examined,  with  the  exception  of  those  noted  above. 

The  object  of  the  work  was  the  accumulation  of  material, 
primarily,  for  Mr.  White's  doctorate  thesis  on  the  Trenton 
faunas  of  the  Lake  Champlain  region,  and,  secondly,  for  a  study 
of  the  lower  Ordovician  faunas  of  the  same  region  by  Mr.  van 
Ingen. 

The  system  employed  in  recording  field  notes  was  that  de- 
veloped by  Prof.  Henry  S.  Williams,  during  his  study  of  the 
Devonian  formations  of  central  New  York.  The  town  which  is 
the  temporary  headquarters  for  field  work  of  the  vicinity  is  as- 
signed a  definite  number  as  108==Chazy,  Clinton  County.  Dur- 
ing the  progress  of  the  work  in  that  vicinity  every  exposure  or 
continuous  section  is  assigned  a  letter  of  the  alphabet,  whether 
the  section  be  along  a  shore,  in  the  bed  of  a  stream,  a  railroad 
cutting  or  a  quarry.  The  geologically  lowest  layer  in  that  sec- 
tion is  sought  and  numbered  1  ;  each  superadjacent  layer  be- 
ing numbered  in  series.  The  only  field  label  then  required  with 
the  collection  from  each  layer  is  a  small  piece  of  paper  with, 
€.  gr.,  the  symbol  108,  P.  16.  Reference  to  the  field  notes  shows 
this  layer  to  be  a  heavy  black  limestone,  with  conchoidal 
fracture,  containing  Maclurea  in  its  upper  portion,  exposed  in 
the  bed  of  Little  Chazy  River  at  Chaz3%  Clinton  County,  N.  Y. 

At  every  locality  the  sections  were  carefully  examined,  each 
separate  layer  carefully  measured,  and  as  many  fossils  obtained 
from  it  as  was  possible  without  too  great  an  expenditure  of  time. 
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The  collections  sent  in  amount  to  4500  pounds,  which  amount  is 
about  equally  divided  between  the  Upper  and  Lower  Ordovi- 
cian. 

The  first  stop  was  made  at  Larrabee  Point,  Yt.,  at  the  south- 
em  end  of  the  lake  proper,  at  which  point  was  found  the  best 
Trenton  section  seen  along  the  lake.  The  rocks  are  exposed  in 
a  quarry  and  along  the  shore,  dipping  slightly  to  the  north  and 
northwest.  The  Black  River  limestone  is  well  seen  in  the 
quarry  near  the  sawmill  south  of  the  Lake  House.  At  the  top 
of  the  quarry  are  beds  of  impure  shal}'  limestone  containing  a 
great  abundance  of  Parastrophia  hemiplicata,  Hall,  This 
brachiopod  ranges  through  about  six  feet  of  strata  and  serves 
to  mark  this  particular  horizon  all  along  the  lake.  It  also 
serves  as  a  means  of  recognizing  the  transition  from  the  Black 
River  limestone  to  the  overlying  Trenton  limestone.  These 
Parastrophia  shales  are  exposed  also  on  the  shore,  where  they 
are  overlaid  by  thin  layers  of  the  Trenton  limestone.  This 
limestone  then  extends  along  the  shore  in  a  northerlj'^  direction 
past  the  Lake  House  until  it  finally  runs  under  the  water,  and 
is  followed  further  north  by  the  Utica  shale ;  the  transition  be- 
tween the  two  not  being  visible. 

Shorebam,  six  miles  east  of  Larrabee  Point,  was  visited  in 
hopes  of  finding  deeper  water  sediments  and  consequent  changes 
in  the  faunae.  Fine  black  shales  seemed  to  be  more  abundant, 
but  the  rocks  have  undergone  a  considerable  amount  of  meta- 
morphism,and  slaty  cleavage  has  destroj-ed  all  but  mere  traces 
of  fossils. 

Ticonderoga,  on  the  western  shore  of  the  lake,  is  surrounded 
by  Calciferous  rocks  containing  few  fossils.  Toward  Crown 
Point,  however,  the  Lower  and  Middle  Chazy  begin  to  come  in, 
and  some  fossils  may  be  obtained.  On  Crown  Point,  in  the 
vicinity  of  Wilkerson's  Ferry,  were  obtained  fine  specimens  of 
Maclurea  magna,  in  manj'  of  which  the  test  remains  intact^ 
having  separated  freely  from  the  matrix. 

Fort  Cassin  was  reached  from  Yergennes,  Yt.  At  the  former 
place  a  good  collection  of  trilobites  was  obtained  from  siliceous 
limestone  beds  (yin^  between  the  famous  Fort  Cassin  and  the 
Calaurops  beds  of  Whitfield. 

At  Burlington  a  day  was  spent  in  examining  the  collections 
at  the  University  of  Yermont,  through  the  courtes}'^  of  Prof.  G. 
H.  Perkins,  and  in  visiting  the  red  sandrock  quarries  south  of 
the  city.  In  these  quarries  there  is  an  interesting  trap  dike  de- 
scribed by  J.  F.  Kemp  in  the  paper  on  "  The  Trap  Dikes  of  the 
Lake  Champlain  Region."  Since  Prof.  Kemp's  visit  a  consider- 
able amount  of  rock  has  been  removed  from  the  quarry  face, 
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affording  a  section  of  the  dike  several  feet  east  of  that  figured 
by  Kemp.  The  fissure  appears  to  have  split  so  that  now  we  see 
a  double  dike  made  up  in  section  of  two  wedges,  the  lower  of 
which  is  inverted. 

Port  Kent  and  Ausable  Chasm  were  next  visited.  Back  of 
Port  Kent  is  an  extensive  plateau  made  up  of  thick  deposits  of 
sand  and  gravel.  Underlying  this  terrace  formation  is  the 
Potsdam  sandstone.  This  is  in  layers  varying  in  thickness 
from  one  to  several  feet,  lying  nearly  horizontal  It  is  a  hard, 
compact  quartzite,  well  resisting  weathering  except  along  the 
deposition  planes.  It  is  everywhere  much  traversed  by  vertical 
joint  planes.  Thus  the  loose  bedding  and  the  vertical  jointing 
enable  the  stream  to  easily  undermine  the  high  banks.  The 
larger  part  of  the  erosion  is  probably  of  this  kind ;  there  being 
apparently  a  small  amount  of  abrasion.  A  few  faults  cross  the 
chasm  causing  deep  fissures  in  the  opposite  walls.  The  stream 
seems  often  to  follow  the  line  of  a  fault  and  then  to  turn  abruptly 
aside,  following  the  course  of  one  of  the  joint  systems. 

At  Plattsburgh  the  writers  were  joined  by  Professor  H.  P. 
Gushing,  of  Cleveland,  Ohio,  who  ver}'  kindly  devoted  several 
days  to  pointing  out  the  best  localities  in  the  vicinity  of  Platts- 
burgh and  Chazy.  At  Bluff  Point  and  along  the  shore  south  of 
Plattsburgh  good  sections  of  the  Chazy  rocks  were  examined 
and  good  collections  of  fossils  obtained.  Of  special  interest  is 
the  discovery  of  Foraminiferal  shells  in  microsections  of  Cal- 
ciferous  limestone  from  south  of  Plattsburgh.  The  minute  shells 
resemble  somewhat  in  general  shape  those  of  the  genus  Lima* 
cina  among  the  Pteropods.  Crab  Island,  off  Bluff  Point,  is  an 
excellent  collecting  ground  for  Trenton  fossils.  The  island  has 
probably  received  its  name  from  the  numerous  specimens  of 
trilobites  of  the  genus  Asaphus  which  may  be  found  in  the  loose 
blocks  on  the  shore,  which  fossils  are  generally  believed  to  be 
crabs  by  the  natives: 

Beekmantown,  four  miles  north  of  Plattsburgh,  is  where  the 
beautiful  specimens  of  Ophileta  complanata  were  collected  by 
Prof.  Seely,  and  which  were  described  by  Prof.  Whitfield  in 
Bull.  Amer.  Mus.  Nat.  Hist.  II.,  48;  PI.  vir.  These  gastropod 
shells  occur  in  vast  numbers  in  a  calcareous  sandstone  that  out- 
crops in  a  low  ledge  one  hundred  feet  wide,  extending  for  some 
distance  through  the  fields. 

Cumberland  Head,  a  few  miles  northeast  of  Plattsburgh,  fur- 
nishes many  outcrops  of  a  black,  shaly  limestone.  It  contains 
a  trilobitic  fauna  not  found  at  any  other  point  along  the  lake. 
The  contained  species  are  not  forms  that  have  been  hitherto 
noted  in  New  York,  but  resemble  certain  ones  described  by 
Billings  from  the  Quebec  group  of  Newfoundland. 
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Chazy  is  the  classic  locality  for  the  rocks  of  the  Chazy  group. 
The  village  is  built  upon  them,  and  outcrops  containing  char- 
acteristic fossils  are  to  be  found  in  almost  every  yard.  The 
quarries  in  the  village  and  southeast  of  it,  and  Little  Chazy 
River,  afford  good  sections.  The  best  section  of  the  Black  River 
limestone  was  seen  there.  The  section  shows  that  this  forma- 
tion may  be  split  up  into  a  number  of  zones,  each  characterized 
by  its  own  peculiar  faunula.  From  below  upwards  the  horizons 
are  marked ;  the  lowest  by  a  Leper ditia^  next  a  Strophomena^ 
then  follow  Stromatocerium  and  Columnaria,  Maclurea  and 
Parastrophia.  These  horizons  hold  good  for  the  Black  River 
of  that  region.  The  Maclurea  zone  at  the  top  of  the  Black 
River  limestone  is  a  most  interesting  find.  Heretofore  the  large 
Maclurea  has  been  known  as  characteristic  of  the  middle  Chazy 
be^s  only.  At  Chazy  may  be  seen  a  zone  six  feet  thick,  at  the 
top  of  the  Black  River,  full  of  Maclureas,  The  species  differs 
a  little  from  the  Maclurea  magna  as  found  on  Crown  Point. 
It  is  generally  larger,  but  with  a  more  impressed  spire  and  with 
revolving  lines  on  the  sides  and  lower  parts  of  the  whorls. 

Isle  La  Motte  is  across  Northwest  Bay  from  Chazy  Landing. 
Some  good  fossils  were  obtained  there  from  the  Chazy,  Trenton 
iand  Utica.  At  Fisk's  Quarry  handsome  specimens  of  Stromato- 
cerium were  seen  in  the  Middle  Chazy.  Further  southward,  at 
Fleury's  Quarry,  was  seen  a  fine  example  of  differential  erosion 
along  a  joint  plane.  The  Lower  Chazy  limestone  is  there  made  up 
of  thin  alternating  layers  of  pure  and  impure  limestone.  The  pure 
limestone  weathers  more  quickly,  leaving  the  impure  bands 
standing  out  in  relief  and  exhibiting  well  the  feature  of  cross 
bedding.  Many  trilobite  remains  were  obtained  in  this  quarry. 
On  the  eastern  side  of  the  island  were  found  some  good  grapto- 
lites  in  Utica  shale.  The  shale  dipping  to  the  east  is  exposed 
for  a  mile  along  the  shore.  The  dip  then  quickly  changes  to 
westerly,  and  soon  the  shale  is  seen  to  have  been  dragged  along 
the  western  side  of  a  fault,  with  the  Trenton  limestone  on  the 
eastern  side.  Further  northward  this  Trenton  affords  charac- 
teristic fossils. 

Highgate  Springs,  on  Missiquoi  Bay,  was  next  visited.  There 
the  Cambrian  section  was  gone  over,  but  few  fossils  were  found. 
Back  of  the  Franklin  House  is  a  series  of  parallel  ridges.  Those 
of  Ordovician  age  yielded  some  satisfactory  results.  All  beds 
from  the  Calciferous  to  the  Upper  Trenton  are  exposed  on  the 
two  sides  of  a  north  and  south  anticline.  Standing  on  the 
Calciferous  sandstone  which  forms  the  crest  of  the  anticline,  the 
various  beds  from  lowest  to  highest  dip  away  on  either  side. 
The  harder  layers  form  prominent  ridges  in  the  fields.     To  the 
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south  the  ridges  are  seen  to  curve  around  in  a  semicircle,  those 
of  the  eastern  side  proving  to  be  continuous  with  those  of  the 
western  side.  It  is  a  very  pretty  example  of  a  tilted  anticlinal 
fold  ;  the  slant  in  this  case  being  toward  the  south.  Here  also, 
at  the  most  northerly  point  examined,  was  found  the  Para- 
Btrophia  horizon,  as  well  marked  as  at  Larrabee  Point,  seventy- 
eight  miles  to  the  southward.  The  Chazy  also  yielded  some 
fossils. 

Basin  Harbor,  near  Yergennes,  was  the  last  locality  examined. 
The  Chazy  is  there  finely  developed.  Good  trilobites  were  ob- 
tained, the  limestone  being  full  of  the  minute  young  of  Asaphus. 
Just  south  of  Basin  Harbor  is  Button  Bay  Island.  This  small 
island,  covering  about  one  acre,  is  entirely  of  Black  River  lime- 
stone. At  the  lower  part  of  the  section  is  a  thin  band  of  lime- 
stone containing  myriads  of  Leperditias  in  perfect  preservation. 
Near  the  top  is  a  two-foot  band,  sharply  defined  above  and 
below,  and  made  up  entirely  of  corals  of  the  genera  Stromato- 
cerium  and  Columnaria,  It  is  a  most  striking  example  of  coral 
reef  formation.  Just  eastward  of  Button  Bay  Island  is  a  small 
island  of  Trenton  limestone,  from  which  the  last  collections 
were  made. 

It  is  expected  that  the  results  to  be  obtained  from  the  work 
will  be  of  considerable  importance  in  the  field  of  stratigraphic 
palaeontology,  for  the  region  is  a  rich  one  and  very  little  work 
has  been  done  on  the  New  York  Ordovician  since  the  publica- 
tion of  Hall's  first  volume  of  the  PaleBontology  of  New  York  in 
1847.  Accordingly  careful  work  in  which  the  various  elements 
of  each  fauna  are  dissected  out  and  fixed  horizons  established 
for  a  particular  region  cannot  yield  other  than  results  of  value. 


The  paper  was  discussed  by  J.  F.  Kemp. 
The  Academy  then  adjourned. 


J.  F.  Kemp, 

Secretary. 


The  following  paper  was  read  by  title  April  8,  1895,  but  was 
withheld  for  revision  by  its  author.  The  title  announced  on  p. 
186  of  Vol.  XIV.  of  the  Transactions  is  "  Petrographical  Notes 
on  Rocks  from  Alaska." 
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NOTES  ON  THE  AREAL  GEOLOGY  OF  GLACIER 
BAY,  ALASKA. 

H.  P.  Cubbing. 
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Introduction. 

In  the  year  1890  a  party  under  the  le&dership  of  Dr.  H.  F. 
Reid  explored  and  mapped  a  considerable  portion  of  the  basin 
of  the  Muir  glacier  in  southern  Alaska.  The  writer  was  a  mem- 
ber of  the  part}'^  and  reported  briefly  to  Dr.  Reid  on  the  areal 
geology  of  the  district.* 

In  1892  Dr.  Reid  returned  to  Glacier  Ba}'^  and  extended  his 
work  over  a  much  greater  area,  exploring  and  mapping  for  the 
first  time  the  shores  of  the  upper  part  of  Glacier  Bay,  an  under- 
taking of  the  most  laborious  character. 

From  these  newly  explored  shores  Dr.  Reid  gathered  rock 
samples  whenever  practicable,  upon  which  he  has  requested  a 
report.  These  specimens  prove  with  a  singe  exception,  to  repre- 
sent rocks  similar  in  all  respects  to  those  already  described  from 
the  vicinity  by  Dr.  Geo.  H.  Williams  and  the  writer.  It  has 
seemed,  however,  that  a  brief  review  of  the  whole  matter,  with 
such  comparisons  as  can  be  made  with  sections  reported  else- 
where from  southern  Alaska,  may  not  be  wholly  devoid  of  value. 

General  Geology. 

In  1891  the  writer  described  from  the  Muir  glacier  basin  an 
argillitic  series  and  a  dolomitic  limestone,  both  of  great  thick- 
ness, and  both  cut  by  eruptives,  in  part  as  great  intrusive  masses, 

•Nat  Geog.  Mag.,  Vol.  IV.,  pp.  5&^2. 
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in  part  as  dikes.*  The  eriiptives  were  studied  by  Dr.  Geo.  H. 
William8,f  who  determined  the  main  intrusion  to  be  of  quartz- 
diorite,  while  both  acidic  and  basic  dikes  occurred,  the  latter 
largely  predominating,  and  being  in  large  part  diabases.  The 
argillites  were  the  oldest  rocks  found;  the  quartz-diorite  intru- 
sion was  subsequent  to  the  deposition  of  the  limestone,  and  the 
dikes  cut  all  the  other  rocks. 

The  region  is  a  disturbed  one,  the  time  of  the  disturbance 
antedating  the  formation  of  the  dikes,  for  the  most  part.  The 
rocks  have  undergone  regional  metamorphism,  have  been  tilted, 
folded,  faulted  and  fractured.  The  argillites  are  baked  into 
hard,  flinty  rocks,  which  break  under  the  hammer  with  great 
difficulty  and  have  totally  lost  all  tendency  to  split  on  the  old 
bedding  planes,  which  are  only  traceable  by  means  of  occasional 
color  variations  in  the  different  layers.  The  limestone  is  also 
greatly  metamorphosed.  The  whole  series  is  cut  up  into  small 
blocks  by  intersecting  systems  of  joints.  The  tremendous 
dynamic  strains  which  have  acted  upon  the  rocks  are  made 
clearly  manifest  when  the  quartz-diorite  is  examined  in  thin 
section  under  the  microscope.  On  the  other  hand,  no  such 
effects  are  disclosed  by  the  study  of  the  dike  rocks.  A  certain 
amount  of  disturbance  since  the  time  of  dike  formation  is  made 
apparent  by  the  occasional  faulting  of  a  dike,  but  so  far  as  ob- 
served the  throw  of  these  later  faults  is  always  tolei-ably  insig- 
nificant in  amount. 

The  Argillites. — The  argillitic  rocks  have  a  wide  distribution 
around  the  eastern  side  of  the  Muir  glacier  basin  and  also  form 
the  mountains  adjacent  to  Muir  inlet.  They  present  three  main 
phases : 

1.  Very  hard,  fine  grained  argillo-siliceous  bands,  gray  to 
brown  in  color,  occasionally  approaching  quartzite  in  character. 

2.  Blue  to  black,  somewhat  slaty  rocks,  nearly  as  hard  as  the 
first  and  equally  fine  grained,  less  siliceous,  but  containing  a 
slight  amount  of  calcareous  matter.  These  two  varieties  con- 
stitute the  main  portion  of  the  mass.  They  separate  into  small, 
rectangular  blocks  along  the  joint  planes,  but  show  no  tendency 
to  split  along  the  bedding  planes.  The  blocks  are  somewhat 
cemented  together  by  wide-spread  secondary  calcite  in  the 
joints,  presumably  derived  largely  from  the  rocks  themselves. 
Disintegration  takes  place  with  amazing  rapidity,  as  shown  by 
the  enormous  piles  of  morainic  matter  furnished  to  the  tribu- 
taries of  Muir  glacier  whose  valleys  are  adjoined  by  mountains 
of  argillite,  and  by  the  massive  talus  heaps  that  are  rapidly 

•Nat.  Geog.  Mag.,  Vol.  IV.,  pp.  67-62. 
fNat.  Geog.  Mag.,  Vol.  IV.,  pp.  66-74. 
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accumulatlDg  at  the  bases  of  other  mountains  made  up  of  the 
same  material. 

3.  Thin  bands  of  black,  graphitic  slates  with  good  slaty 
cleavage  are  interstratified  with  the  foregoing  varities.  There 
seem  to  be  several  such  bands,  though  their  apparent  number 
may  be  increased  by  faulting. 

Careful  search  for  fossils  was  made  in  these  rocks  at  several 
points  by  the  writer,  who  had  his  labor  for  his  pains.  The  series 
has  great  thickness,  and  may  comprise  rocks  of  more  than  one 
age,  but  is  so  homogeneous  throughout  that  its  study  yields  dis- 
appointing results.  Its  base  was  nowhere  seen,  but  a  vertical 
section  of  more  than  3,000  feet  is  exposed  on  Mt.  Wright  and 
its  outlying  ridges  which  rise  from  Muir  inlet,  just  below  the 
end  of  Muir  glacier.* 

4.  The  Glacier  Bay  Limestone. — The  mountains  adjoining 
the  larger  part  of  Glacier  Bay  consist  of  dolomitic  limestone  of 
a  dark  color,  and  for  the  most  part  extremely  pure,  containing 
only  a  trace  of  insoluble  matter.  Like  the  argillite,  it  is  meta- 
morphosed and  cut  up  by  joints,  but  the  cracks,  often  widened 
considerably  by  solution,  are  without  exception  filled  by  crys- 
talline calcite,  binding  the  whole  into  a  firm  mass  and  much  re- 
tarding its  disintegration.  On  the  peaks  east  of  Muir  inlet  the 
limestone  may  be  seen  capping  the  argillites,  apparently  con- 
formably. Its  summit  was  nowhere  seen,  but  it  has  an  unmis- 
takable thickness  of  several  thousand  feet.  It  may  conven- 
iently be  designated  the  Glacier  Bay  limestone  until  such  time 
as  some  other  name  may  prove  more  appropriate.  Fossils  in 
this  limestone  are  rare,  and  damaged  by  mctamorphism.  The 
writer  found  them  in  place  on  Douglass  Island  in  1890,  and  in 
loose  pieces  elsewhere,  but  unfortunanely  the  recognizable 
forms  gave  no  precise  indication  of  the  age.  However,  further 
light  has  been  shed  upon  this  point  by  the  discovery,  chronicled 
by  Prof.  Stevenson  ,f  of  a  piece  of  fossil  coral  on  one  of  the 
moraines  of  the  Dirt  glacier.  A  single  one  of  the  peaks,  amid 
which  the  Dirt  glacier  has  its  source,  is  capped  by  the  limestone; 
otherwise  the  drainage  basin  of  this  glacier  lies  entirely  in  ar- 
gillites or  eruptive  rocks,  so  that  the  locality  whence  this  coral 
was  derived  is  pointed  out  beyond  question.  Prof.  H.  S.  Wil- 
liams, in  a  letter  to  Dr.  Reid,  pronounces  it  a  species  of  Lons- 
daleia  and  regards  it  as  demonstrative  of  the  Carboniferous  age 
of  the  horizon  whence  it  came.     As   this   was   apparently   the 

*The  areal  geology  of  the  region  is  delineated  so  far  as  may  be,  on  the  accompany- 
ing map,  Plate  I.f  at  close.  This  map  was  prepared  by  Dr.  Reid  for  another  purpose,  is 
biued  on  his  as  yet  unpublished  material,  and  appears  here  through  the  courtesy  of  the 
Director  of  the  United  States  Geological  Survey  and  of  Dr.  Reid. 

t  J.  J.  Stevenson,  Scot.  Geog.  >Iag.,  Feb.,  1893,  p.  6. 
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basal  portion  of  the  limestone,  the  whole  will,  most  probably, 
prove  to  be  Carboniferous. 

Dr.  Reid  notes  the  occurrence  locally  of  white,  coarsely  crys- 
talline marble  in  considerable  force  at  the  upper  end  of  Glacier 
Bay.  Vein  fillins^s  of  this  charater  occur  at  intervals  in  the 
argillites  and  with  more  frequency  in  the  limestone,  but  it  is 
possible  that  these  greater  masses  noted  by  him  may  have  re- 
sulted from  contact  metamorphism,  as  they  lie  in  close  proximity 
to  the  quartz-diorite.  The  specimens  collected  show  no  contact 
minerals,  however. 

The  Quartz-diorite.* — As  may  be  seen  from  the  map  this 
rock  has  a  wide  distribution  in  the  vicinity.  It  is  quite  homo- 
geneous throughout,  consisting  of  white  plagioclase,  somewhat 
dull  and  opaque  from  decomposition,  with  frequent  thin  prisms 
of  hornblende  and  occasional  biotites,  and  some  quartz,  the 
feldspar  forming  more  than  one-half  the  mass  and  giving  it  a 
predominantly  white  color,  by  means  of  which  it  may  be  unfail- 
ingly recognized  at  a  distance.  The  only  recorded  observation 
on  its  contact  relations  is  that  by  the  writer  made  in  ISBO.f 
The  observed  contact  was  with  the  argillites,  and  while  the  con- 
ditions under  which  it  was  made  were  bj  no  means  ideal,  the 
contact  seemed  clearly  an  irruptive  one.  Furthermore,  the  areal 
distribution  of  this  rock  along  the  upper  end  of  Glacier  Bay,  as 
mapped  by  Dr.  Reid,  seems  to  show  that  there  its  contact  with 
the  limestone  is  that  of  an  intrusion,  and  that  the  white  crystal- 
line marble  reported  there  by  him  may  be  a  phase  of  the  lime- 
stone due  to  contact  metamorphism. 

One  further  indication  of  the  order  of  events  in  the  vicinity  is 
furnished  by  what  seem  to  be  apophysse  from  the  quartz- 
diorite,  which  are  found  cutting  the  clastic  rocks  at  some  dis- 
tance firom  the  main  intrusion.  Three  such  were  noted  by  the 
writer  in  1890,  all  of  which  were  several  yards  in  width,  no 
accurate  measurements  being  permissible  at  the  time.  They 
differ  slightly  from  the  main  mass  in  appearance,  and  also  carry 
pyrite  in  notable  quantity,  but  in  thin  section  are  scarcely  to  be 
distinguished.  They  possess  the  same  coarsely  hypidiomorphic 
granular  texture,  with  no  variation  between  the  centre  and  the 
sides,  so  far  as  could  be  noted,  indicating  a  rate  of  cooling  such 
as  to  make  it  probable  that  the  enclosing  rocks  themselves  had 
a  high  temperature  at  the  time  of  the  injection  of  these  relatively 
small  masses,  one  of  which  is  more  than  twelve  miles  distant 
from  the  nearest  outcrop  of  the  main  intrusion. 

*G.  H.  Williams,  Nat.  Geog.  Mag.,  Vol.  IV.,  p.  67. 
t  H.  P.  Gushing,  Nat.  Geog.  Mag.,  Vol.  IV.,  p.  61. 


Digitized  by  VjOOQIC 


28  TRANSACTIONSr  OP   THE  [OCT.  28, 

Diorite.* — The  massive  moraines  on  the  eastern  side  of  Muir 
glacier  are  made  up  in  the  main  of  fragments  of  a  quartz  free 
diorite,  which  is  a  more  basic  rock  than  the  quartz  diorite. 
Numerous  blocks  of  hornblendic  gneiss  and  schist  also  occur, 
which  may  represent  foliated  phases  of  this  diorite.  The  large 
content  of  such  rocks  in  the  moraines  leading  from  the  valleys 
occupied  by  the  McBride,  Casement  and  Girdled  glaciers  and 
Berg  lake,  and  from  Granite  canon,  shows  that  the  enclosing 
mountains  are  in  great  part  of  diorite,  and  the  color  and 
aspect  of  these  mountains  when  viewed  from  a  distance  give 
evidence  to  the  same  effect.  None  of  these  mountains  have  been 
reached  by  parties  exploring  Muir  glacier,  so  that  the  nature  of 
the  argillite-diorite  contact  is  unknown.  But  there  is  a  total 
absence  of  anything  indicating  shore  conditions  as  this  contact 
is  approached ;  no  pieces  of  conglomerate  have  been  noted  on 
the  moraines,  and  pieces  of  fine  grained  diorite,  evidently  from 
dikes,  have  been  found.  The  diorite  is  therefore  likely  to  prove 
of  later  date  than  the  Carboniferous  sediments.  So  far  as  known 
it  shows  no  tendency  to  grade  into  the  quartz-diorite.  They 
may  represent  phases  of  the  same  intrusion,  or  different  intru- 
sions from  the  same  magma. 

Crystalline  Schists. — In  the  collection  of  rocks  made  by  Dr. 
Reid  in  1892  are  specimens  of  mica  schist  and  actinolite  schist, 
obtained  from  erratic  blocks  on  the  west  shore  of  Glacier  Bay, 
mainly  at  the  northwest  corner  of  Hugh  Miller  inlet  and  at  the 
eastern  side  of, the  entrance  to  Geikie  inlet.  It  is  of  the  highest 
degree  of  probability  that  these  erratics  were  brought  hither  by 
the  glaciers  which  at  present  debouch  into  these  inlets,  and  that 
therefore  outcrops  of  these  schists  lie  in  that  direction.  Daw- 
son reports  frequent  areas  of  schists  and  gneisses  as  occurring 
in  the  Coast  range  granite  belt,  and  quite  subordinate  to  the 
granite  in  amount,  and  these  may  have  come  from  such  patches. 
On  the  other  hand,  granites  are  not  represented  in  Dr.  Reid's 
collection. 

Megascopically,  the  mica  schists  are  finely  granular,  very 
schistose  rocks  with  abundant  biotite,  all  of  which  carry  small 
garnets,  and  some  contain  staurolite  in  addition.  Except  in  the 
size  of  the  garnets,  they  precisely  resemble  the  well-known  gar- 
netiferous  mica  schist  from  the  mouth  of  the  Stikine  river.  The 
actinolite  schists  are  finely  fibrous  green  schists,  mainly  com- 
posed of  actinolite. 

Dikes. — All  the  rocks  so  far  described  are  cut  by  numerous 
dikes,  of  varying  nature  but  largely  of  diabase.  The}*^  are  not 
only  younger  than  the  other  rocks,  but  also  younger  than  the 

•  G.  H.  Williams,  Nat.  Geog.  Mag.,  Vol.  IV.,  pp.  66-67. 
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time  of  disturbance  and  metamorphism  of  these  rocks.  In  thin 
section  they  show  no  sign  of  having  suffered  from  the  dynamic 
action  which  has  so  profoundly  affected  the  other  rocks  and 
whose  effect  is  so  beautiful!}'  shown  in  sections  of  the  diorites 
by  the  bent  and  broken  crystals,  undulatory  extinction  and 
production  of  secondary  minerals  there  exhibited. 

While  in  the  main  to  be  classed  as  diabsses,  these  dikes  shade 
into  andesite-like  rocks  through  loss  of  the  ophitic  structure 
and  development  of  a  glassy  groundmass.  Specimens  of  more 
acid  rock,  rhyolites  and  micro-pegmatites,  are  not  infrequent  on 
the  moraines,  but  only  one  such  dike  has  been  found  in  place, 
and  no  evidence  is  at  hand  as  to  their  relation  in  time  to  the 
basic  dikes.  These  dike  rocks  much  resemble  others  of  known 
Tertiary  age  occurring  further  to  the  south.* 

Comparison  With  Other  Alaskan  Sections. 

The  Coast  range  belt,  of  which  the  region  under  considera- 
tion is  structurally  a  portion,  is  shut  away  from  the  Pacific, 
north  of  Cross  sound,  by  the  lofty  peaks  of  the  Fairweather 
range.  If,  as  seems  probable,  this  latter  belongs  structurally  with 
the  St.  Ellas  range,  it  is  of  a  much  more  recent  date.f  The 
Glacier  bay  section  presents  many  points  of  similarity  with 
sections  described  by  Dawson  and  Ha3'es  from  British  Columbia 
and  southern  Alaska,  so  that  a  rough  correlation  may  be  at- 
tempted. A  marked  feature  here  is  a  limestone  of  great  thick- 
ness, which,  at  least  in  part,  is  of  Carboniferous  age.  Dawson 
describes  such  a  limestone  from  the  Dease  river  holding  Fusu- 
lina,|  and  another  from  his  section  along  the  Stikine  which  he 
believes  the  same,  though  finding  no  fossils.§  Apparently  the 
same  limestone  is  mentioned  by  Hayes  as  occurring  in  the  Taku 
valley. II  Furthermore  Hayes  reports  black  slaty  shales  appar- 
ently underlying  the  limestone,  and  Dawson  describes  from  the 
Stikine  a  series  of'^  hard  argillites  and  grauwacke-quartzites, 
interbedded  with  shaly  gray  and  brownish  impure  limestones," 
which  were  "  not  observed  to  hold  staurolite,  mica,  or  otherwise 
crystalline  minerals  like  those  of  Wrangell,  and  otherwise  differ 
somewhat  in  appearance  from  those. "^     These  rocks  are  below 

*For  brief  petrographic  descriptions  of  specimens  from  these  dikes  see  G.  H. 
Williams,  Nat.  Qeog.  Mag.,  Vol.  IV.,  pp.  68-74. 

tSee.  H.  F.  Reid,  Nat.  Geog.  Mag.,  Vol.  IV,  p.  24,  and  G.  F.  Dawson,  Geol.  Surv.  Can. 
An.  Rep.  1887-8,  p.  12  B. 

I G.  F.  Dawson,  Geol.  Surv.  Can.  An.  Rep.  1887-8,  p.  33  B. 

i  G.  F.  Dawson,  Geog.  Surv.  Can.  An.  Rep.  1887-8,  p.  65. 

II  C.  W.  Hayes,  Nat.  Geog.  Mag.,  Vol.  IV.,  p.  138. 

IJGeol.  Surv.  Can.  An.  Rep.  1887-8,  p.  66 B. 
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the  limestone  which  is  "  of  considerable,  though  undetermined 
thickness,"  and  rest  on  the  Coast  range  granites.  Precisely 
the  same  differences  obtain  between  the  Glacier  bay  argillites 
and  those  at  Wrangell,  Sitka  and  Junean,  and  the  order  of  suc- 
cession is  the  same  in  each  of  the  four  sections,  Stikine,  Taku, 
Dease  and  Glacier  B&y. 

The  one  difficulty  encountered  in  making  this  correlation  is 
that  the  strike  of  the  Glacier  bay  series  would  bring  them  over 
to  Lynn  canal,  and  that  Dawson  reports  from  the  east  side  of 
Lynn  canal  argillites  that  he  likens  to  those  of  Wrangell.*  In 
a  region  so  complicated  structurally  and  so  little  known  it  is 
difficult  to  assign  causes  for  such  apparent  discrepancies. 
Beyond  this  point  it  is  not  easy  to  carry  any  satisfactory  identifi- 
cations. In  the  sections  of  Dawson  and  Hayes  the  Coast  range 
granite  intervenes  between  the  Palaeozoic  rocks  of  the  interior 
and  the  argillites  of  the  coast,  which  are  perhaps  of  Meaozoic 
age.  This  rock  is  always  reported  as  a  gray  granite,  and  diorite 
is  only  reported  as  occurring  in  local  intrusions  in  the  granite. 
Quartz-diorite  is  not  reported  at  all  of  the  four  specimens  of 
this  granite  from  the  Stikine  which  were  examined  microscopi- 
cally by  Dr.  Adams,f  though  one  had  predominant  plagioclaseand 
is  stated  to  appaoach  quartz-diorite  in  character.  But  the  Glacier 
bay  quartz-diorite  contains  but  little  orthoclase,  and  so  far  as 
known  shows  no  tendency  to  grade  into  granite.  Dawson  de- 
scribes the  granite  as  follows :  "  The  Coast  ranges,  where 
traversed  by  the  valley  of  the  Stikine  and  again  where  crossed 
still  further  north  b}*  the  Chilkoot  Pass,  are  found  to  consist  for 
the  most  part  of  granite  and  graintoid  rocks,  almost  invariably 
of  gray  color,  and  frequently  rich  in  hornblende.  With  these 
are  occasionally  included  stratified  or  stratiform  masses  of  mica- 
schists  and  hornblende-schists,  and  both  these  and  the  granites 
are  frequently  traversed  by  pegmatite  veins,  diabase  dykes  and 
intrusive  masses  of  coarse  diorite. "|  Dr.  Dawson  found  here 
no  especial  evidence  as  to  the  age  of  this  granite,  but  believes  it 
to  be  the  same  as  on  Vancouver  Island,  or  Middle  Mesozoic. 
On  the  other  hand,  Hayes  reports  basal  conglomerates  in  the 
Taku  valley,  resting  on  what  seems  to  be  the  same  granite, 
though  it  may  be  difierent,  or  the  conglomerates  may  not  be 
Palaeozoic. 

No  granite  has  yet  been  found  in  the  Glacier  Bay  section  nor 
on  the  moraines  of  the  glaciers  which  come  into  the  heky.  In- 
tervening between  it  and  the  Fairweather  range  is  a  rugged, 

•  Geol.  Surv.  Can.  An.  Rep.  1887-8,  p.  32  B. 

t  F.  D.  Adams,  Geol.  Surv.  Can.  An.  Rep.  1887-8,  p.  287  B. 

X  Geol.  Surv.  Can.  An.  Rep.  1887-8,  p.  31 B. 
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desolate  belt  of  mountain  ranges  some  thirty  to  forty  miles  in 
width.  That  this  is  occupied  in  large  part  by  the  Coast  range 
granite  seems  quite  probable ;  at  least  this  is  likely  to  be  the 
case  if  the  aparent  similarity  between  the  different  sections 
holds  good.  It  is  quite  likely  that  the  intrusive  diorite  of 
Glacier  Bay  is  merely  an  unusually  large  sample  of  the  diorite 
reported  by  Dawson  as  intruding  into  the  granite.  But  nothing 
like  the  great  quartz-diorite  mass  of  Glacier  Ba}^  has  been  de- 
scribed elsewhere  in  Alaska.  It  may  represent  a  phase  of  the 
granite,  or  an  intrusion  of  later  date  analogous  to  the  diorite. 
It  is  more  basic  than  the  former,  more  acidic  than  than  the  latter. 

Dr.  Dawson  further  reports  that  the  Carboniferous  limestone 
in  his  Stikine  section  is  followed  apparently  in  ascending  order, 
"  by  a  series  of  altered  volcanic  rocks  *  *  *  *  apparently 
chiefly  diabases,  but  including  also  porphyrite  like  rocks."* 
These  are  stated  to  be  bedded,  are  regarded  provisionally  as  of 
Carboniferous  age,  and  are  likened  to  rocks  forming  part  of  the 
C^che  Creek  group,  in  the  southern  interior  of  British  Columbia. 
Rocks  of  similar  character  occur  on  the  mountains  enclosing 
the  northeast  portion  of  the  Muir  glacier  amphitheatre,  which 
are  at  least  older  than  the  quartz-diorite,  being  cut  by  a  dike  of 
that  rock,  one  of  the  apophyses  mentioned  on  a  previous  page. 

They  have  not  been  sufficiently  studied  to  bring  out  their  rela- 
tions  to  the  Palaeozoic  elastics,  but  as  far  as  observed  they  are 
in  contact  with  the  argillites  instead  of  lying  above  the  limestone. 

The  more  recent  dike  rocks,  which  are  of  possible  Tertiary 
age,  seem  widespread  throughout  the  whole  extent  of  the  Coast 
range  and  are  mentioned  by  every  observer. 

Petrographical  Notes. 

The  Quartz-diorite. — This  rock  has  been  briefly  described  by 
Dr.  Williams,  but  in  view  of  its  extent  and  importance  in  the 
region  a  somewhat  fuller  description  seems  advisable,  though 
the  rock  is  a  quite  normal  one.  Unfortunately  the  material  at 
hand  has  not  been  sufficient  to  permit  of  chemical  study  in  con- 
junction with  that  under  the  microscope. 

In  thin  section  the  quartz-diorite  is  seen  to  consist  of  a 
coarsely  h3'pidiomorphic  granular  aggregate  of  plagioclase, 
hornblende,  quartz  and  orthoclase  (?),  with  accessory  biotite, 
magnetite,  ilmenite,  titanite  and  apatite.  The  order  of  crystal- 
lization is  the  usual  one,  apatite  followed  b^'  the  iron  oxides, 
then  titanite,  hornblende  and  biotite,  plagioclase,  orthoclase  (?) 
and  quartz  in  the  order  named. 

*  6.  F.  Dawson.    Geol.  Sorv.  Can,  An.  Rep.,  1887-8,  p.  66  B. 
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The  plagioclase  makes  up  somewhat  more  than  half  the  rock 
and  is  largely  idiomorphic,  often  also  with  a  well-marked  zonal 
structure.  The  different  individuals  occur  in  very  varjing 
stages  of  decomposition  in  the  same  slide,  and  those  with  the 
zonal  structure  have  almost  invariably  the  centre  more  decom- 
posed than  the  periphery.  In  the  zonal  crj^stals  the  outer  rim 
never  shows  a  greater  extinction  angle  than  4^  in  individuals 
whose  twinning  lamellse  give  nearly  symmetrical  extinction, 
while  the  centre  of  the  same  individuals  frequently  gives  an 
angle  of  20^  to  22^,  indicating  a  range  from  oligoclase  to  a  basic 
andesine  or  acid  labradorite.  Inclusions  of  all  the  other  constit- 
uents of  the  rock  except  quartz  are  common. 

Along  with  the  undoubted  plagioclase  in  the  slides  are  seen 
numerous  individuals,  always  so  far  gone  into  decomposition 
that  little  can  be  learned  from  their  study  concerning  their 
original  condition,  but  which  in  so  far  as  the}'  retain  any  indica- 
tions of  twinning  whatever,  show  only  that  after  the  Carls- 
bad law.  They  are  regarded,  somewhat  doubtfully,  as  repre- 
senting an  original  contest  of  orthoclase  in  the  rock.  The  un- 
doubted plagioclase  alwa3'S  far  exceeds  this  uncertain  feldspar 
in  amount. 

Next  to  the  plagioclase  hornblende  is  the  most  abundant  con- 
stituent. It  is  a  dark  green  hornblende  with  very  strong  ab- 
sorption— C<6<a — and  pleochroism  of  the  usual  character  in 
diorite — a  greenish,  6  dark  greenish  brown  and  c  dark  bluish 
green.  The  smaller  individuals  possess  sharp  crystal  bound- 
aries in  the  prism  zone,  but  the  larger  individuals  are  irregularly 
bounded  and  everywhere  poikilitic,  mottled  with  inclusions  of 
both  feldspar  and  quartz.  The  maximum  extinction  angle  found 
is  17°.  Inclusions  of  apatite  and  the  iron  oxides  are  numerous. 
The  ordinary  decomposition  is  to  chlorite,  but  in  a  few  instances 
epidote  also  appears.  The  formation  of  a  light  bluish  green 
hornblende  with  only  slight  pleochroism,  resembling  actinolite 
seems  to  be  an  initial  stage  in  the  process.  Both  the  feldspar 
and  the  hornblende  show  admirable  evidence  of  the  dynamic 
action  to  which  the  rock  has  been  subjected.  In  addition  to 
widespread  undulator}'  extinction  and  sliding  of  portions  of 
crystals  along  cleavage  planes,  are  many  beautiful  examples  of 
crystals  bent  into  a  curve,  extinguishing  gradually  from  one 
end  to  the  other,  the  difference  amounting  to  20°  in  some  cases. 

Quartz  is  present  in  all  the  slides  and  nearl}'  equals  the  horn- 
blende in  quantity.  It  is  totJjill}'^  allotriomorphic  and  contains 
frequent  inclusions  of  the  other  minerals  as  well  as  a  multitude 
of  minute  black  inclusions  of  uncertain  nature.  A  few  small 
patches  of  granophyric  appearance  are  present. 
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The  biotite  presents  no  feature  of  interest  except  its  mode  of 
decomposition.  At  first  its  color  becomes  green  with  diminished 
absorption ;  it  then  alters  to  chlorite  with  the  formation  of  lenses 
in  the  cleavage  cracks,  made  up  of  an  aggregate  of  small  par- 
ticles of  a  colorless  mineral,  with  high  double  refraction,  which 
is,  in  the  main,  ealcite,  muscovite  being  possibly  present  also. 
At  the  same  time  magnetite  (?)  forms  along  the  cleavage  cracks. 
Finally  the  chlorite  and  magnetite  further  decompose  to  a  brown 
earthy  mass  carrying  the  ealcite  lenses. 

Titanite  appears  in  all  the  slides  in  the  customar}^  rhombic 
cross  sections,  with  an  unusually  strong  pleochroism  for  that 
mineral.  Apatite  abounds  in  the  rock  as  an  inclusion  in  all  the 
other  constituents  in  the  usual  minute,  clear,  sharply  defined 
prisms.  Occasional  larger  irregularly  bounded  individuals  also 
occur  with  their  customary  black  dust  inclusions. 

Pyrite  is  of  frequent  occurrence  in  the  quartz-diorite  dikes, 
but  does  not  appear  in  the  main  body  of  the  rock. 

The  microscopic  examination  suggests  that  the  rock  must  be 
a  quite  acid  one  lying  between  normal  granite  and  diorite  in 
that  respect. 

The  Schists, — These  present  no  novel  features  calling  for 
especial  mention.  The  actinolite  schists  are  finely  fibrous  aggre- 
gations of  that  mineral,  the  slender  prisms  seeming  to  be  ar- 
ranged in  two  parallel  sets  which  intersect  one  another  at  an 
angle  approximating  20°.  The  small  interspaces  are  filled  with 
a  finely  granular  mixture  of  quartz  and  epidote,  and  an  occa- 
sional grain  of  plagioclase. 

The  mica  schists  are  fine  grained  markedl}'  schistose  rocks  with 
abundant  biotite,  which  with  irregular  grains  of  quartz  makes 
up  the  main  portion  of  the  rock.  In  two  specimens,  however, 
orthoclase  occurs  instead  of  quartz,  accompanied  by  a  small 
amount  of  plagioclase.  Small  magnetite  individuals  invariably 
abound,  and  all  the  constituents  of  the  rock  are  thickly  set  with 
black  dust-like  inclusions,  which  also  seem  to  be  magnetite. 
Garnets  of  a  light  rose  color  and  with  numerous  inclusions  are 
scattered  through  the  rock.  They  reach  a  size  of  .4  mm.  as 
a  maximum.     Zircon  is  also  a  never-failing  constituent. 

In  two  of  Dr.  Reid's  specimens  staurolite  occurs  in  numerous 
short,  thick  prisms,  averaging  6  mm.  in  length  and  3  mm.  in 
breadth,  bounded  by  the  faces  (110),  (001)  and  (010),  and  with 
both  twinnings  characteristic  of  the  mineral,  that  parallel  to 
(032)  and  to  (232).  It  is  full  of  inclusions,  notably  of  quartz 
and  magnetite,  and  in  one  case  a  garnet,  .3  mm.  in  diameter,  is 
completely  enclosed  in  staurolite,  indicating  the  later  crystal- 
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lization  of  the  latter.     Otherwise  the  garnet  is  the  last  formed 
constituent  of  the  rock. 

The  Dikes, — The  specimens  of  dike  rocks  obtained  by  Dr. 
Reid,  in  1892,  are,  for  the  most  part,  diabases  and  present  no 
characters  additional  to  those  already  described  from  the  region 
by  Dr.  Williams.  There  is  a  specimen  of  a  diorite  dike  (No. 
129),  which  shows  most  beautifully  the  effects  of  dynamic  action, 
and  is  evidently  far  older  than  the  diabase  dikes. 
Wbstebn  Besebvb  Uniyebsity,  October  24,  1895. 


Regular  Business  Meeting. 
November  4th,  1895. 

The  Academy  met  with  President  Rees  in  the  Chair ;  sixteen 
persons  present. 

Minutes  of  the  preceding  meeting  were  read  and  approved. 

The  nominations  for  membership  of  R.  E.  Dodge  and  James 
Marsland  Lawton,  Jr.,  were  reported  approved  by  the  Council, 
and  they  were  elected  by  the  Academy  resident  members. 

The  Section  in  Astronomy  and  Physics  then  organized,  and 
listened  to  a  paper  by  Prof.  R.  S.  Woodward,  upon  "  Systems 
of  Mechanical  Units,"  Prof.  Woodward  referred  to  the  im- 
portance of  the  dimensional  formulae  in  discussing  systems  of 
units,  and  called  attention  to  their  introduction  in  1821  by 
Fourier,  and  their  subsequent  revival  by  Maxwell.  He  pointed 
out  some  of  the  difficulties  arising  from  the  adoption  of  the 
present  fundamental  units  of  length,  mass  and  time,  and  showed 
how,  by  the  elimination  of  either  length  or  time  and  the  sub- 
stitution of  energy,  new  systems  could  be  obtained.  He  dwelt 
upon  the  desirability  of  the  system  in  which  energ}^  replaces 
time  for  those  people  who  may  have  no  conception  of  time,  and 
pointed  out  that  the  conceptions  of  energy  are  certainly  as  dis- 
tinct as  those  of  mass,  and,  possibly,  even  as  distinct  as  those  of 
length  and  time. 

This  paper  was  discussed  by  Messrs.  Pupin,  Hallock  and 
Pfister. 
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Prof.  Harold  Jacoby  then  read  a  paper  received  too  late  for 
announcement  in  the  Bulletin,  on  *  Suggestions  as  to  the  deter- 
mination of  the  relative  mass  of  the  two  components  of  the 
double  Star,  Eta  Gassiopeise,from  Rutherfurd  photographic 
measures.'  Prof.  Jacoby  outlined  the  method  to  be  pursued  in 
this  investigation,  and  deduced  the  formulae  to  be  used.  The 
calculations  will  be  made  by  Dr.  Davis.  The  paper  was  dis- 
cussed by  Prof.  Rees. 

Prof.  Pupin  then  explained  a  method  of  measuring  alternating 
currents  with  a  galvanometer.  In  consists  in  placing  in  the 
circuit  a  primary  cell  and  an  electrolite  cell,  whose  counter 
electro-motor  force  is  slightly  greater  than  that  of  the  primary 
cell.  Under  this  condition  only  one-half  of  the  alternations 
passed  through  the  circuit,  the  other  half  being  stopped  by  the 
two  cells.  Experiments  have  shown  the  availability  of  this 
method  up  to  600  alternations  per  minute. 

Prof.  A.  M.  Mayer  nominated  Prof.  E.  R.  Van  Nardroff  for 
resident  membership,  and  the  nomination  was  referred  to  the 
Council. 


The  Academy  then  adjourned. 


J.  F.  Kemp,  Secretary. 


SUGGESTIONS    AS    TO    THE    DETERMINATION    OP 
THE  RELATIVE  MASSES  OF  THE  TWO  COM- 
PONENTS  OF   THE   DOUBLE   STAR   ETA 
CASSIOPEIJS  FROM  RUTHERFURD 
PHOTOGRAPHIC  MEASURES. 

By  Harold  Jacoby. 

The  recent  publication  by  the  Academy  of  Rutherfurd 's 
measures  of  sixty-two  stars  about  Eta  Cassiopeiee,  reduced  by 
Dr.  Davis,  leads  me  to  suggest  that  these  same  measures  offer 
the  possibility  of  computing  the  relative  masses  of  the  two  com- 
ponents. There  is  a  considerable  probability  that  such  a  com- 
putation will  lead  to  a  successful  result ;  and  as  we  have  at 
present  only  the  discussion  of  this  point  by  Mr.  Ludwig  Struve, 
a  new  investigation  will  be  very  interesting  and  important.     It 
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is  true  that  the  period  covered  by  Rutherfurd's  observations  is 
only  about  three-and-a-half  years,  or  about  one  fifty-fourth  part 
of  the  whole  period  of  revolution  of  the  star,  and  this  circum- 
stance is  unfavorable  to  the  success  of  the  suggested  research. 
But,  on  the  other  hand,  the  component  changed  its  position 
during  the  period  of  Rutherfurd's  observations  by  about  seven- 
tenths  of  a  second  of  arc.  So  that  if  we  adopt  Struve's  ratio  of 
the  masses,  which  is  one  to  three,  the  principal  star  must  have 
changed  its  position  with  respect  to  the  centre  of  gravity  of  the 
system  by  nearly  two-tenths  of  a  second.  So  large  a  quantit3'^ 
as  this  could  hardly  fail  to  be  determined  by  the  Rutherfurd 
measures,  in  view  of  the  very  large  number  of  comparison  stars 
available.  It  is,  of  course,  obvious  that  we  should  not  attempt 
to  determine  any  of  the  other  elements  of  the  orbit  from  these 
measures,  but  emplo}'  in  the  computations  one  of  the  orbits  that 
have  been  deduced  from  the  measures  of  the  S3'stem  as  a  double 
star.  The  most  recent  orbit  of  this  kind  is  that  of  Dr.  See 
(Astr.  Jour.,  Vol.  XY.,p.  54),  and  this  would  be  the  best  one  to 
adopt  for  our  present  purpose. 

The  method  to  be  pursued  in  this  investigation  appears  readily 
from  the  following  considerations.  It  is  well  known  that  both 
components  of  the  system  revolve  about  their  common  centre 
of  gravity,  and  that  this  centre  of  gravity,  therefore,  is  a  fixed 
point  in  the  system.  It  always  lies  on  the  line  joining  the  two 
components,  and  divides  this  line  in  the  inverse  ratio  of  their 
masses.  Consequently,  in  the  apparent  orbit,  which  is  the  pro- 
jection of  the  real  orbit,  and  which  is  what  we  actually  see  on 
the  sky,  there  is  also  a  fixed  point,  which  is  the  projection  of 
the  centre  of  gravit}'.  This  fixed  point  always  lies  on  the  line 
joining  the  apparent  positions  of  the  two  components  on  the 
sky,  and  it  divides  that  line  in  the  same  inverse  ratio  as  before. 
It  is  this  fixed  point,  and  not  the  principal  star,  which  should 
retain  a  constant  distance  from  all  the  other  surrounding  stars 
on  the  plate,  after  the  effects  of  proper  motion,  parallax,  etc., 
have  been  removed. 

From  what  has  been  said,  it  is  clear  that  if  we  compute  from 
Dr.  See's  elements  an  ephemeris  of  the  minor  component  referred 
to  the  principal  star,  and  if  we  put : 

p/y  9= the  distance  and  position  angle  of  the  minor  component, 
as  given  by  the  ephemeris. 

3f,  M^  =  the  masses  of  the  principal  star  and  companion  re- 
spectivel}' ;  then  if  we  compute  m  by  the  equation  : 

_      M' 
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we  shall  have  the  position  of  the  fixed  point  in  the  apparent 
orbit,  referred  to  the  principal  star,  given  by  the  following  co- 
ordinates : 

—  m/j^    for  the  distance, 

B    for  the  position  angle. 

It  follows  that  if  we  let : 

ff,p=  the  distance  and  position  angle  of  any  star  on  the  plate 
from  Eta,  fully  corrected  of  course  for  refraction  and  aberration. 

(T^=z  the  distance  of  the  fixed  point  from  the  same  star, 
we  shall  have : 

a — a'==  —  mf/  co&{d — p). 

In  establishing  equations  from  whose  solution  by  least 
squares  we  are  to  determine  the  quantity  m,  we  cannot  consider 
either  the  parallax  or  proper  motion  known.  These  three  quan- 
tities are  entangled  together  in  such  a  way  that  it  is  impossible 
to  work  out  either  one  of  them  b^'  itself.  The  first  step  in  the 
proposed  investigation  will  be  to  free  the  measured  distances, 
as  given  by  Dr.  Davis,  from  the  effects  of  variation  of  scale 
value.  It  is  almost  needless  to  remark  that  I  propose  to  use 
only  the  distances,  and  not  the  position  angles  measured  by 
Rutherfurd  in  the  present  research.  To  get  rid  of  the  variation 
of  scale  value,  it  would  seem  best  to  apply  such  a  correction  to 
the  scale  value  of  each  plate  as  will  make  the  sum  of  the  dis- 
tances of  the  three  stars  numbered  19,  41  and  62  in  Dr.  Davis' 
list,  a  constant.  These  stars  are  on  all  the  plates,  and  they  are 
favorably  situated.  The  sum  of  their  distances  from  Eta  is 
7141",  or  251.9215  divisions  of  the  scale,  and  their  distribution 
in  position  angle  is  such  that : 

2  8iiij>  =  — 0.13,        2  008;)  =  —  0.20. 

They  are  therefore  admirably  adapted  for  correcting  the  varia- 
tion of  scale  value.     To  do  this,  let  us  put : 

°\9t  ^a^  <^M,  =the  distances  of  stars  19,  41  and  62  from  Eta  on 
any  given  plate,  expressed  in  divisions  of  the  scale. 

i?hen  we  must  add  to  every  distance  on  that  plate  the  quantity : 

(254.9215  —  <Ti9  —  a^i  —  <y„) 


254.92 

where  o  ig  the  distance  of  the  star  from  Eta,  as  given  by  Dr. 
Davis,  and  expressed  in  divisions  of  the  scale. 

The  next  step  is  the  correction  of  the  distances  for  proper 
motion.     This  is  to  be  done  by  adding  to  them  the  quantity : 

where  the  symbols  have  the  same  signification  as  in  Dr.  Davis' 
paper  on  the  Parallax  of  Eta,  p.  301. 
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The  above  steps  having  been  taken,  we  can  proceed  to  form 
equations  from  which  to  determine  by  least  squares  the  most 
probable  values  of  the  unknown  quantities.  These  are  the  two 
corrections  of  the  assumed  proper  motion,  the  parallax,  the 
ratio  of  the  masses,  and  the  true  distances  of  the  various  stars 
from  the  fixed  point  of  the  apparent  orbit. 
Let  us  introduce  the  following  notation : 
P,  ;r=  the  assumed  proper  motion  on  the  arc  of  a  great  circle, 

and  the  position  angle  of  that  great  circle. 
to=  the  correction  required  by  the  assumed  p  cos  at. 
f  =  the  correction  required  by  the  assumed  pain  at. 
r=  date  of  the  plate  minus  1872.0. 
ir  =s  parallax  of  the  system. 

4i-P8i'^4>-P4=  auxiliary  quantities  for  computing  parallax  co- 
efficients, and  having  the  same  signification  as  on  p.  302 
of  Dr.  Davis'  Parallax  paper. 
9q=  the  mean  of  the  values  of  a  on  all  the  plates  for  any 

given  star. 
Then  if  we  put,  for  convenience : 

The  following  equation  will  hold  true : 

OTT  +  Toosp,  io  +  Tonp.  v  +  f/ooaCd-^p),  m  +  x  +  d=0. 

Such  an  equation  can  be  formed  from  each  star  on  each  plate, 
and  from  their  solution  the  most  probable  values  of  the  un- 
knowns, ^,  w,  V,  m  and  or,  can  be  determined.  From  these  we 
pass  at  once  to  a  knowledge  of  the  i-atio  of  masses  by  means 
of  the  equation  : 

and  we  get  the  distance  from  any  given  star  to  the  fixed  point 
by  means  of  the  equation : 

ff'  =  ffo  — ar. 
The  total  number  of  equations  will  be  702,  involving  66  un- 
knowns. But  the  solution  of  all  these  equations  by  least 
squares  will  offer  no  difficulty,  because  we  can  first  eliminate 
the  unknown  x  from  all  the  equations  belonging  to  any  given 
star.  The  reduced  normals  from  all  the  stars  can  then  be  added 
together,  and  the  final  definitive  values  of  tt,  w^  v,  m  and  x 
computed.  It  will  probably  be  possible  to  tell  in  advance,  from 
a  preliminary  consideration  of  some  of  the  equations,  whether 
the  investigation  is  going  to  give  a  satisfactory  result.     This 
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will  be  the  case,  if  n  comes  out  positive,  and  m  negative,  and 
less  than  unity.  It  might  even  be  desirable  not  to  use  the 
method  of  least  squares  for  the  elimination  of  the  or's,  but  to 
substitute  some  other  method  of  elimination,  which  would  take 
less  time,  without  materially  diminishing  the  precision. 


Stated  Meeting. 

November  11th,  1895. 

In  the  absence  of  Prof.  N.  L.  Britton,  Prof.  Henry  F.  Osbom 
was  elected  Temporary  Chairman.  About  forty  (40)  persons 
were  present. 

The  minutes  of  the  preceeding  meeting  of  the  Section  were 
read  and  approved. 

A  report  was  read  by  Prof.  Osborn  regarding  the  matter  of 
Bibliographical  Compilation,  which  has  been  brought  before  the 
various  scientific  bodies  here  and  abroad  by  Dr.  Haviland  Field, 
who  proposes  to  establish  a  regular  cooperative  bulletin  record- 
ing the  titles  of  zoological  and  anatomical  works.  The  report 
recommending  the  approval  by  the  Academy  of  the  work  of  Dr. 
Field  was  unanimously  adopted. 

Prof.  Rees  next  brought  to  the  attention  of  the  Section  the 
communication  of  the  Huxley  Memorial  Committee,  it  being  pro- 
posed to  erect  a  statue  of  the  late  Professor  in  the  South  Ken* 
sington  Museum,  and  asking  for  the  cooperation  of  the  New 
York  Academy  of  Sciences.  Upon  motion  a  Committee  was 
appointed  by  the  Chair  to  take  the  necessarj^  steps  in  further- 
ance of  the  wishes  of  the  Huxley  Committee.  This  Committee 
was  to  consist  of  Profs.  Stratford,  Wilson  and  Huntington  and 
Dr.  Wortman. 

Owing  to  the  resignation  of  the  Chairman  and  Secretary  of 
the  Section,  it  was  then  moved  that  a  nominating  committee  be 
appointed  by  the  Chair  to  consider  the  question  of  election  of 
the  Sectional  officers.  To  this  committee  Profs.  Lee,  Britton 
and  Stratford  were  appointed. 
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The  first  paper  of  the  evening,  that  of  Prof.  Osborn,  "A 
Memorial  Tribute  to  Prof.  Thomas  H.  Huxley,"  was  then  pre- 
sented, and  in  it  were  reviewed  the  main  facts  of  the  life  of  Dr. 
Huxley,  together  with  man}'  notes  of  Prof.  Osborn,  one  of  his 
pupils.     (See  below.) 

The  second  paper  was  by  Dr.  Bashford  Dean,  entitled : 
**  Notes  on  Ancestral  Sharks."  The  paper  dealt  with  some  of 
the  recent  discoveries  among  the  fossil  sharks  of  the  Lower 
Carboniferous  in  Ohio.  An  examination  of  this  material  during 
the  past  Summer  in  the  collection  of  Dr.  William  Clark,  of 
Berea,  Ohio,  had  enabled  the  speaker  to  describe,  in  addition  to 
the  known  characters  of  these  primitive  forms  of  Cladoselachids, 
the  vertebral  axis,  the  suspensorium,  the  matter  of  claspers  and 
the  integumental  characters. 

The  third  paper  on  "  Newly  Mounted  Skeletons  of  Titano- 
therium  and  Metamyodon  in  the  American  Museum,"  with  illus- 
trations b}'  Prof.  Osborn,  was  deferred,  as  were  also  papers 
announced  by  Dr.  J.  L.  Wortman  on  the  "American  Museum 
Expedition  of  1895,"  and  by  Prof.  Britton  on  "New  or  Note- 
worth}^  North  American  Phanerogams." 

In  their  place  Dr.  Arnold  Graf  spoke  of  a  peculiar  growth 
character  in  Crepidula,  recording  the  adjustment  of  its  shell  to 
that  of  a  scallop,  the  margin  of  the  shell  of  the  crepidula  con- 
forming exactly  to  the  ridged  character  of  the  shell  of  its  host. 
Discussion  by  Prof.  Martin  and  Dr.  Dean. 

The  meeting  adjourned.  Bashford  Dean, 

Secretary  of  Section. 

MEMORIAL    TRIBUTE     TO     PROFESSOR    THOMAS 
H.    HUXLEY. 

By  Henry  F.  Osborn. 

Presented  before  the  Section  of  Biology,  November  Ilth. 

All  the  members  of  this  Academy,  all  men  of  science  in 
America,  in  fact,  are  in  different  ways  indebted  to  the  late  Pro- 
fessor Huxley.     We  would  be  ungrateful,  indeed,  especially  in 
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this  section  of  the  Academy,  if  we  failed  to  join  in  the  tributes 
which  are  being  paid  to  him  in  different  parts  of  the  world. 

In  his  memory  I  do  not  offer  a  formal  address  this  evening, 
but  as  one  of  his  students,  would  present  some  personal  reminis- 
cences of  his  characteristics  as  a  teacher,  and  some  of  the  most 
striking  features  of  his  life  and  work. 

Huxley  was  born  in  1825.  Like  Goethe,  he  inherited  from 
his  mother  his  brilliantly  alert  powers  of  thought,  and  from  his 
father,  his  courage  and  tenacity  of  purpose,  a  combination  of 
qualities  which  especially  fitted  him  for  the  period  in  which  he 
was  to  live.  There  is  nothing  striking  recorded  about  his  boy- 
hood as  a  naturalist.  He  preferred  engineering,  but  was  led  intq 
medicine. 

At  the  close  of  his  medical  course  he  secured  a  navy  medical 
post  upon  the  "  Rattlesnake."  This  brought  with  it,  as  to  Dar- 
win, the  training  of  a  four  years  voyage  to  the  South  Seas  off 
eastern  Australia  and  west  Guinea — a  more  liberal  education  to 
a  naturalist  than  any  university  affords,  even  at  the  present  day. 
This  voyage  began  at  twenty-one,  and  he  says  of  it :  "  But, 
apart  from  experience  of  this  kind  and  the  opportunity  offered 
for  scientific  work  to  me,  personally,  the  cruise  was  extremely 
valuable.  It  was  good  for  me  to  live  under  sharp  discipline,  to 
be  down  on  the  realities  of  existence  by  living  on  bare  necessi- 
ties, to  find  out  how  extremely  worth  living  life  seemed  to  be, 
when  one  woke  from  a  night's  rest  on  a  soft  plank,  with  the  sky 
for  a  canopy  and  cocoa  and  weevily  biscuit  the  sole  prospect  for 
breakfast,  and  more  especially  to  learn  to  work  for  what  I  got 
for  myself  out  of  it.  My  brother  ofi[icers  were  as  good  as  sail- 
ors ought  to  be  and  generally  are,  but  naturally,  they  neither 
knew  nor  cared  anything  about  my  pursuits,  nor  understood 
why  I  should  be  so  zealous  in  tho  pursuit  of  the  objects  which 
my  friends,  the  middies,  christened  *  Buffons.'  after  the  title  con- 
spicuous on  a  volume  of  the  '  Suites  a  Buffon^^  which  stood  in  a 
prominent  place  on  my  shelf  in  the  chart-room." 

As  the  result  of  this  voyage  of  four  3'ears  numerous  papers 
were  sent  home  to  the  Linnssan  Society  of  London,  but  few 
were  published ;  upon  his  return,  his  first  work.  Upon 
the  Anatomy  and  Affinities  of  the  Medusa,  was  declined  for 
publication  by  the  Admiralty;  a  fortunate  circumstance,  for  it 
led  to  his  quitting  the  navy  for  good  and  trusting  to  his  own  re- 
sources. Upon  publicaton  (1 849)  this  memoir  at  once  established 
his  scientific  reputation  at  the  early  age  of  twenty-four,  just  as 
Richard  Owen  had  won  his  spurs  by  his  *  Memoir  on  the 
Pearly  Nautilus.'  In  1852  Huxley's  preference  as  a  biologist 
was  to  turn  back  to  physiology,  which  had  become  his  favorite 
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study  in  the  medical  course.  But  his  fate  was  to  enter  and  be- 
come distinguished  in  a  widely  different  branch  which  had  as 
little  attraction  for  him  as  for  most  students  of  marine  life, 
namely,  palaeontology.     He  says  of  this  sudden  change  of  base : 

"At  last,  in  1854,  on  the  translation  of  my  warm  friend, 
Edward  Forbes,  to  Edinburgh,  Sir  Henry  de  la  Beche,  the  Pi- 
rector  General  of  the  Geological  Survey,  offered  me  the  post 
Forbes  had  vacated  of  Palaeontologist  and  Lecturer  on  Natural 
History.  I  refused  the  former  point-blank,  and  accepted  the 
latter  only  provisionally,  telling  Sir  Henry  that  I  did  not  care 
for  fossils  and  that  I  should  give  up  natural  history  as  soon  as 
I  could  get  a  physiological  post.  But  I  held  the  ofiSce  for 
thirty-one  years  and  a  large  part  of  m.y  work  has  been  palaeonto- 
logical." 

From  this  time  until  1885  his  labors  extended  over  the  widest 
field  of  biology  and  of  philosophy  ever  covered  by  any  natural- 
ist, with  the  single  exception  of  Aristotle.  In  philosoph}'  Hux- 
ley  showed  rare  critical  and  historical  power ;  he  made  the  most 
exhaustive  study  of  Hume,  but  his  own  philosophical  spirit  and 
temper  was  more  directly  the  offspring  of  Descartes.  Some 
subjects  he  mastered,  others  he  merely  touched,  but  every  sub- 
ject which  he  wrote  about  he  illuminated.  Huxley  did  not  dis- 
cover or  first  define  protoplasm,  but  he  made  it  known  to  the 
English-speaking  world  as  the  physical  basis  of  life — recogniz- 
ing the  unity  of  animal  and  plant  protoplasm.  He  cleared  up 
certain  problems  among  the  Protozoa,  In  1849  appeared  his 
great  work  upon  the  oceanic  Hydrozoa^  and  familiarity  with 
these  forms,  doubtless  suggested  the  brilliant  comparison  of  the 
two-layered  gastrula  to  the  adult  hydrozoa.  He  threw  light 
upon  the  Tunicata,  describing  the  endostyle  as  a  universal  fea- 
ture, but  not  venturing  to  raise  the  Tunicata  to  a  separate  order. 
He  set  in  order  the  cephalopod  moll usca,  deriving  the  spiral  from 
the  straight  shelled  fossil  forms.  He  contributed  to  the  Arthro- 
poda ;  his  last  word  upon  this  group  being  his  charming  little 
volume  upon  the  "  Crayfish,"  a  model  of  its  kind.  But  think 
of  the  virgin  field  which  opened  up  before  him  among  the  verte- 
brata,  when  in  1859  he  was  the  first  to  perceive  the  truth  of  Dar- 
win's theory  of  descent.  Here  were  Cuvier's  and  Owen's  vast 
researches  upon  living  and  extinct  forms,  a  disorderly  chaos  of 
facts  waiting  for  generalization.  Huxley  was  the  man  for  the 
time.  He  had  already  secured  a  thoroughly  philosophical  basis 
for  his  comparative  osteology  by  studying  the  new  embryology 
of  Von  Baer,  which  Richard  Owen  had  wholly  ignored.  In  1858 
his  famous  Croonian  lecture  on  the  "  Theory  of  the  Ver- 
tebrate Skull,"  gave  the  death  blow  to  Owen's  life  work  upon 
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the  jskull  and  vertebral  archetype,  and  to  the  whole  system  of 
mystical  and  transcendental  anatomy  ;  and  now  Huxley  set  to 
work  vigorously  to  build  out  of  Owens  scattered  tribes  the 
great  limbs  and  branches  of  the  vertebrate  tree.  He  set  the 
fishes  and  batrachia  apart  as  the  Icthyopsidan  branch,  the  reptiles 
and  birds  as  the  Sauropsidan  in  contrast  with  the  Mammalian^ 
which  he  derived  from  a  pro-sauropsidan  or  amphibian  stem,  a 
theory  which  with  some  modification  has  received  strong  recent 
verification. 

Prof.  Owen,  who  had  held  undisputed  sway  in  England  up  to 
1858,  fought  nobly  for  opinions  which  had  been  idolized  in  the 
first  half  century,  but  was  routed  at  every  point.  Huxley  cap- 
tured his  last  fortress,  when,  in  his  famous  essay  of  1865, 
"Man's  Place  in  Nature,"  he  undermined  Owen's  teaching  of  the 
separate  and  distinct  anatomical  position  of  Man.  We  can  only 
appreciate  Huxley's  fighting  qualities  when  we  see  how  strongly 
Owen  was  intrenched  at  the  beginning  of  this  long  battle  royal ; 
he  was  director  of  the  British  Museum  and  occupied  other 
high  posts ;  he  had  the  strong  moral  support  of  the  government 
and  of  the  royal  family,  although  these  were  weak  allies  in  a 
scientific  encounter. 

Huxley's  powers  of  rapid  generalization  of  course  betrayed 
him  frequently ;  his  Bathybius  was  a  groundless  and  short  lived 
hypothesis;  he  went  far  astray  upon  the  phylogeny  of  the 
horses.  But  these  and  other  errors  were  far  less  attributable 
to  defects  in  his  reasoning  powers  than  to  the  extraordinarily 
high  pressure  under  which  he  worked  for  the  twenty  years  be- 
tween 1860  and  1880,  when  duties  upon  the  Educational  Board, 
upon  the  Government  Fisheries  Commission  and  upon  Par- 
liamentary committees  crowded  upon  him.  He  had  at  his  com- 
mand none  of  the  resources  of  modern  technique.  He  cut  his 
own  sections.  I  remember  once  seeing  some  of  his  microscopic 
sections.  To  one  of  our  college  junior  students  working  with  a 
Minot  microtome  Huxley's  sections  would  have  appeared  like  a 
translucent  beefsteak — ^another  illustration  that  it  is  not  always 
the  section  which  reveals  the  natural  law,  but  the  man  who 
looks  at  the  section. 

Huxley  was  not  only  a  master  in  the  search  for  truth,  but  in 
the  way  in  which  he  presented  it,  both  in  writing  and  in  speak- 
ing. And  we  are  assured,  largely  as  he  was  gifted  by  nature, 
his  beautifully  lucid  and  interesting  style  was  partly  the  result 
of  deliberate  hard  work.  He  was  not  born  to  it ;  some  of  his 
early  essays  are  very  labored ;  he  acquired  it.  He  was  familiar 
with  the  best  Greek  literature  and  restudied  the  language ;  he 
pored  over  Milton  and  Carlyle  and  Mill ;  he  studied  the  fine  old 
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English  of  the  Bible;  he  took  as  especial  models  Hume  and 
Hobbes,  until  finally  he  wrote  his  mother  tongue  as  no  other 
Englishman  wrote  it.  Take  up  any  one  of  his  essays,  biologi- 
cal, literary,  philosophical,  you  at  once  see  his  central  idea  and 
his  main  purpose,  although  he  never  uses  italics  or  spaced  letters 
as  many  of  our  German  masters  do  to  relieve  the  obscurity  of 
their  sentences.  We  are  carried  along  upon  the  broad  current 
of  his  reasoning  without  being  confused  by  his  abundant  side 
illustrations.  He  gleaned  from  the  literature  of  all  time  until 
his  mind  was  stocked  with  apt  similes.  Who  but  Huxley  would 
have  selected  the  title  **  Lay  Sermons,"  for  his  first  volume  of 
addresses;  or,  in  1880,  twenty-one  years  after  Darwin's  work 
appeared,  would  have  entitled  his  ess&y  upon  the  infiuence  of 
this  work  :  "  The  Coming  of  Age  of  the  Origin  of  species," 
Or  to  whom  else  would  it  have  occurred  to  repeat  over  the  grave 
of  Balfour  the  exquisitely  appropriate  lines:  "  We  mourn  for 
Lycidas — Dead  before  his  prime."  Who  else  could  have  in- 
veighed thus  against  modern  specialization  :  "  We  are  in  the 
case  of  Tarpeia,  who  opened  the  gates  of  the  Roman  citadel  to 
the  Sabines  and  was  crushed  by  the  weight  of  the  reward  be- 
stoyed  upon  her.  It  has  become  impossible  for  any  man  to  keep 
pace  with  the  progress  of  the  whole  of  any  important  branch  of 
science.  It  looks  as  if  the  scientific,  like  other  revolutions, 
'  meant  to  devour  its  own  children ;  as  if  the  growth  of  science 
tended  to  overwhelm  its  votaries ;  as  if  the  man  of  science  of 
the  future  were  condemned  to  diminish  into  a  narrower  specialist 
as  time  goes  on.  It  appears  to  me  that  the  only  defense  against 
this  tendency  to  the  degeneration  of  scientific  workers  lies  in 
the  organization  and  extension  of  scientific  education  in  such  a 
manner  as  to  secure  breadth  of  culture  without  superficiality ; 
and,  on  the  other  hand,  depth  and  precision  of  knowledge  with- 
out narrowness." 

Huxley's  public  addresses  always  gave  the  impression  of  be- 
ing largely  impromptu,  but  he  once  told  me ;  **  I  always  think 
out  carefully  every  word  I  am  going  to  say.  There  is  no 
greater  danger  than  the  so-called  inspiration  of  the  moment^ 
which  leads  you  to  sa}-  something  which  is  not  exactly  true,  or 
which  you  would  regret  afterward.  I  sometimes  envy  your 
countrymen  their  readiness  and  believe  that  a  native  American, 
if  summoned  out  of  bed  at  midnight,  could  step  to  his  window 
and  speak  well  upon  any  subject."  I  told  him  I  feared  he  had 
been  slightly  misinformed ;  I  feared  that  many  American  im- 
promptu speeches  were  more  distinguished  by  a  flow  of  lan- 
guage than  of  ideas.  But  Huxley  was  sometimes  very  impressive 
when  he  did  not  speak.     In  1879  he  was  strongly  advocating 
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the  removal  of  the  Royal  School  of  Mines  from  crowded  Jermyn 
Street  to  South  Kensington,  a  matter  which  is  still  being 
agitated.  At  a  public  dinner  given  by  the  alumni  of  the  School, 
who  were  naturally  attached  to  the  old  buildings,  the  chairman 
was  indiscreet  enough  to  make  an  attack  upon  the  policy  of 
removal.  He  was  vigorously  applauded,  when,  to  every  one's 
consternation,  Huxley,  who  was  sitting  at  the  chairman's  right, 
slowly  rose,  paused  a  moment,  and  then  silently  skirted  the 
tables  and  walked  out  of  the  hall.  A  solemn  pall  fell  over  the 
remainder  of  the  dinner  and  we  were  all  glad  to  find  an  excuse 
to  leave  early. 

In  personal  conversation  Huxle^^^  was  full  of  humor  aud 
greatly  enjoyed  stories  at  his  own  expense.  Such  was  the  fol- 
lowing :  **  In  my  early  period  as  a  lecturer  I  had  very  little  con- 
fidence in  my  general  powers,  but  one  thing  I  prided  myself 
upon  was  clearness.  I  was  once  talking  of  the  brain  before  a 
large,  mixed  audience  and  soon  began  to  feel  that  no  one  in  the 
room  understood  me.  Finally  I  saw  the  thoroughly  interested 
face  of  a  woman  auditor  and  took  consolation  in  delivering  the 
remainder  of  the  lecture  directly  to  her.  At  the  close,  my  feel- 
ing as  to  her  interest  was  confirmed  when  she  came  up  and 
asked  if  she  might  put  one  question  upon  a  single  point  which 
she  had  not  quite  understood.  *  Certainly,'  I  replied.  '  Now 
Professor,'  she  said,  ^  is  the  cerebellum  inside  or  outside  of  the 
skull?'"  A  story  of  his  about  babies  is  also  characteristic : 
"  When  a  fond  mother  calls  upon  me  to  admire  her  baby  I  never 
fail  to  respond,  and,  while  cooing  appropriately,  I  take  advan- 
tage of  an  opportunity  to  gently  ascertain  whether  the  soles 
of  its  feet  turn  in  and  tend  to  support  my  theory  of  arboreal 
descent." 

Huxley  as  a  teacher  can  never  be  forgotten  by  any  of  his 
students.  He  entered  his  lecture  room  promptly  as  the  clock 
was  striking  nine,  rather  quickly  and  with  his  head  bent  forward 
*^as  if  oppressive  with  its  mind."  He  usually  glanced  attention 
to  his  class  of  about  ninety  and  began  speaking  before  he  reached 
his  chair.  He  spoke  between  his  lips,  but  with  perfectly  clear 
analysis,  with  thorough  interest  and  with  philosophic  insight, 
which  was  far  above  the  average  of  his  students.  He  used  very 
few  charts,  but  handled  the  chalk  with  great  skill,  sketching  out 
the  anatomy  of  an  animal  as  if  it  were  a  transparent  object.  As 
in  Darwin's  face,  and  as  in  Erasmus  Darwin^s  or  Bufibn^s,  and 
many  other  anatomists  with  a  strong  sense  of  form,  his  eyes 
were  heavily  overhung  by  a  projecting  forehead  and  eyebrows 
and  seemed  at  times  to  look  inward.  His  lips  were  firm  and 
closely  set,  with  the  expression  of  positiveness,  and  the  other  fea- 
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tare  which  most  marked  him  was  the  very  heavy  mass  of  hair 
falling  over  his  forehead,  which  he  would  frequently  stroke  or 
toss  back.  Occasionally  he  would  lighten  up  the  monotony  of 
anatomical  description  by  a  bit  of  humor.  I  remember  one  in- 
stance which  was  probably  reminiscent  of  his  famous  tilt  with 
Bishop  Wilberforce  at  the  meeting  of  the  British  Association 
in  1860.  Huxley  was  describing  the  mammalian  heart  and  had 
just  distinguished  between  the  tricuspid  valve  on  the  right  side 
of  the  heart  and  the  bicuspid  valve  on  the  left,  which  you  know 
resembles  a  bishop's  mitre,  and  hence  is  known  as  the  mitral 
valve.  He  said,  ^^  It  is  not  easy  to  recall  on  which  side  these 
respective  valves  are  found,  but  I  recommend  this  rule  ;  you  can 
easily  remember  that  the  mitral  is  on  the  left,  because  a  bishop 
is  never  known  to  be  on  the  right." 

Huxley  was  the  father  of  modem  laboratory  instruction, but  in 
1879  he  was  so  intensely  engrossed  with  his  own  researches  that 
he  very  seldom  came  through  the  laboratory,  which  was  ably 
directed  by  T.  Jeffrey  Parker,  assisted  by  Howes  and  W.  New- 
ton Parker,  all  of  whom  are  now  professors,  Howes  having  suc- 
ceeded to  Huxley's  chair.  Bach  visit  therefore  inspired  a  cer- 
tain amount  of  terror,  which  was  really  unwarranted,  for  Huxley 
always  spoke  in  the  kindest  tones  to  his  students,  although 
sometimes  he  could  not  resist  making  fun  at  their  expense. 
There  was  an  Irish  student  who  sat  in  front  of  me,  whose  ana- 
tomical drawings  in  water  color  were  certainly  most  remarkable 
productions.  Huxley,  in  turning  over  his  drawing-book,  paused 
at  a  large  blur  under  which  was  carefully  inscribed  "  sheeps' 
liver"  and  smilingly  said,  '^  I  am  glad  to  know  that  is  a  liver;  it 
reminds  me  as  much  of  Cologne  cathedral  in  a  fog,  as  of  anything 
I  have  ever  seen  before."  Fortunately  the  nationality  of  the 
student  enabled  him  to  fully  appreciate  the  humor. 

The  greatest  event  in  the  winter  of  1879  was  Darwin's  first 
and  only  visit  to  the  laboratory.  They  came  in  together,  Hux- 
ley leading  slowly  down  the  long  narrow  room,  pointing  out  the 
especial  methods  of  teaching  which  he  had  originated  and  which 
are  now  universally  adopted  in  England  and  in  this  country. 
Darwin  was  instantly  recognized  by  the  class  as  he  entered  and 
sent  a  thrill  of  curiosity  down  the  room,  for  no  one  present  had 
ever  seen  him  before.  There  was  the  widest  possible  contrast 
in  the  two  faces.  Darwin's  grayish-white  hair  and  bushy  eye- 
brows overshadowed  the  pair  of  deeply-set  blue  eyes,  which 
seemed  to  image  his  wonderfully  calm  and  deep  vision  of  nature, 
and  at  the  same  time  to  emit  benevolence.  Huxley's  piercing 
black  eyes  and  determined  and  resolute  face  were  full  of  admi- 
ration, and  at  the  same  time  protection  of  his  older  friend.     He 
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said  afterwards,  '*  you  know  I  have  to  take  care  of  him,  in  fact 
I  have  always  been  Darwin's  bulldog,"  and  this  exactly  ex- 
pressed one  of  the  many  relations  which  existed  so  long  between 
the  two  men. 

Huxley  was  not  always  fortunate  in  the  intellectual  calibre  of 
the  men  to  whom  he  lectured  in  the  Roj^al  School  of  Mines. 
Many  of  the  younger  generation  were  studying  in  the  univer- 
sities, under  Balfour  at  Cambridge  and  under  RoUeston  at  Ox- 
ford. However,  Saville  Kent,  C.  Lloyd  Morgan,  George  B. 
Howes,  T.  Jeffrey  Parker  and  W.  Newton  Parker  are  repre- 
sentative biologists  who  were  wholly  trained  by  Huxley.  Many 
others,  not  his  students,  have  expressed  the  deepest  indebted- 
ness to  him.  Among  these  especially  are  Prof.  E.  Ray 
Lankester,  of  Oxford,  and  Prof.  Michael  Foster,  of  Cambridge. 
Huxley  once  said  that  he  had  ^'discovered  Foster."  He  not 
only  singled  men  out,  but  knew  how  to  direct  and  inspire  them 
to  investigate  the  most  pressing  problems  of  the  day.  As  it 
was,  his  thirty-one  years  of  lectures  would  have  produced  a  far 
greater  effect  if  they  had  been  delivered  from  an  Oxford,  Cam- 
bridge or  Edinburgh  chair.  In  fact,  Huxley's  whole  life  would 
have  been  different,  in  some  ways  more  effective,  in  others  less 
so,  if  the  universities  had  welcomed  the  young  genius  who  was 
looking  for  a  post  and  even  cast  his  eyes  toward  America  in  1850, 
but  in  those  early  days  of  classical  prestige  both  seats  of  learn- 
ing were  dead  to  the  science,  which  it  was  Huxley's  great  service 
in  support  of  Darwin  to  place  beside  physics,  in  the  lead  of  all 
others  in  England.  Moreover,  Oxford,  if  not  Cambridge,  could 
not  long  have  sheltered  such  a  wolf  in  the  fold. 

What  Haeckel  did  for  evolution  in  German}^  Huxley  did  in 
England.  As  the  earliest  and  most  ardent  supporter  of  Darwin 
and  the  theory  of  descent,  it  is  remarkable  that  he  never  gave 
an  unreserved  support  to  the  theory  of  natural  selection  as  all- 
sufficient.  Twenty-five  years  ago,  with  his  usual  penetration 
and  prophetic  insight,  he  showed  that  the  problem  of  variation 
might,  after  all,  be  the  greater  problem ;  and  only  three  years 
ago,  in  his  *'  Romanes  Lecture,"  he  disappointed  many  of  the 
disciples  of  Darwin  by  declaring  that  natural  selection  failed  to 
explain  the  origin  of  our  moral  and  ethical  nature.  Whether 
he  was  right  or  wrong,  we  will  not  stop  to  discuss,  but  consider 
the  still  more  remarkable  conditions  of  Huxley's  relations  to 
the  theory  of  evolution.  As  expositor,  teacher,  defender,  he 
was  the  high  priest  of  evolution.  From  the  first  he  saw  the 
strong  and  weak  points  of  the  special  Darwinian  theory;  he 
wrote  upon  tlie  subject  for  thirty  years,  and  yet  he  never  con- 
tributed a  single  original  or  novel  idea  to  it ;  in  other  words, 
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Huxley  added  vastly  to  the  deinonstration,  but  never  added  to 
the  sum  of  either  theory  or  working  hypothesis,  and  the  con- 
temporary history  of  the  theory  proper  could  be  written  with- 
out mentioning  his  name.  This  lack  of  speculation  upon  the 
factors  of  evolution  was  true  throughout  his  whole  life ;  in  the 
voyage  of  the  *^  Rattlesnake  "  he  says  he  did  not  even  think  of 
the  species  problem.  His  last  utterance  regarding  the  causes  of 
evolution  appeared  in  one  of  the  Reviews  as  a  passing  criticism 
of  Weismann's  finished  philosophy,  in  which  he  implies  that  his 
own  philosophy  of  the  causes  of  evolution  was  as  far  off  as  ever ; 
in  other  words,  Huxley  never  fully  made  up  his  mind  or  com- 
mitted himself  to  any  causal  theory  of  development. 

Taking  the  nineteenth  century  at  large,  outside  of  our  own 
circles  of  biology,  Huxle^^^s  greatest  and  most  permanent 
achievement  was  his  victory  for  free  thought.  Per8onall3'  we 
may  not  be  agnostic ;  we  may  disagree  with  much  that  he  has 
said  and  written,  but  we  must  admire  Huxley ^s  valiant  services 
none  the  less.  A  reformer  must  be  an  extremist,  and  Huxley 
was  often  extreme,  but  he  never  said  what  he  did  not  believe  to 
be  true.  If  it  is  eas}-  for  you  and  for  me  to  say  what  we  think 
in  print  and  out  of  print  now,  it  is  because  of  the  battles  fought 
by  such  men  as  Huxley  and  Haeckel.  When  Huxley  began  his 
great  crusade  the  air  was  full  of  religious  intolerants,  and,  what 
is  quite  as  bad,  scientific  shams.  If  Huxley  had  entered  the 
contest  carefully  and  guardedly  he  would  have  been  lost  in  the 
enemies  ranks,  but  he  struck  right  and  left  with  sledge  hammer 
blows,  whether  it  was  a  high  dignity  of  the  Church  or  of  the 
State.  Just  before  the  occasion  of  one  of  his  greatest  contests,  that 
with  Gladstone  in  the  pages  of  the  Contemporary  Review,  Hux- 
ley was  in  Switzerland,  completely  broken  down  in  health  and 
sufiering  from  torpidity  of  the  liver.  Qladstone  had  written  one 
of  his  characteristically  brilliant  articles  upon  the  close  cor- 
respondence between  the  Order  of  Creation  as  revealed  in  the 
first  chapter  of  Genesis  and  the  Order  of  Evolution  as  shown 
by  modern  biology.  "  When  this  article  reached  me,"  Huxley 
told  me,  "  I  read  it  through  and  it  made  me  so  angry  that  I 
believe  it  must  have  acted  upon  my  liver.  At  all  events,  when 
I  finished  m^'  repl}-  to  Gladstone  I  felt  better  than  I  had  for 
months  past." 

Huxley's  last  public  appearance  was  at  the  meeting  of  the 
British  Association  at  Oxford.  He  had  been  very  urgently  in- 
vited to  attend,  for,  exactly  a  quarter  of  a  century  before,  the 
Association  had  met  at  Oxford  and  Huxley  had  had  his  famous 
encounter  with  Bishop  Wilberforce.  It  was  felt  that  the  anni- 
versary  would   be  an  historic  one  and  incomplete  without  his 
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presence,  and  so  it  proved  to  be.  Huxley's  especial  duty  was 
to  second  the  vote  of  thanks  for  the  Marquis  of  Salisbury's  ad- 
dress— one  of  the  invariable  formalities  of  the  opening  meeting 
of  the  Association.  The  meeting  proved  to  be  the  greatest  one 
in  the  history  of  the  Association.  The  Sheldonian  theatre  was 
packed  with  one  of  the  most  distinguished  scientific  audiences 
ever  brought  together,  and  the  address  of  the  Marquis  was 
worthy  of  the  occasion.  The  whole  tenor  of  it  was  the  unknown 
in  Science.  Passing  from  the  unsolved  problems  of  Astronomy, 
Chemistry  and  Physics,  he  came  to  Biology.  With  delicate 
irony  he  spoke  of  the  "  amiforting  word,  evolation,^^  and  passing 
to  the  Weismannian  controversy  implied  that  the  diametrically 
opposed  views  so  frequently  expressed  nowadays  threw  the 
whole  process  of  evolution  into  doubt.  It  was  only  too  evident 
that  the  Marquis  himself  found  no  comfort  in  Evolution,  and 
even  entertained  a  suspicion  as  to  its  probability.  It  was 
well  worth  the  whole  journey  to  Oxford  to  watch  Huxley  during 
this  portion  of  the  address.  In  his  red  doctor-of-laws  gown, 
placed  upon  his  shoulders  by  the  ver}^  body  of  men  who  had 
once  referred  to  him  as  **  a  Mr.  Huxley,"  he  sank  deeper  into 
his  chair  upon  the  very  front  of  the  platform  and  restlessly 
tapped  his  foot.  His  situation  was  an  unenviable  one.  He  had 
to  thank  an  ex-Prime  Minister  of  England  and  present  Lord 
Chancellor  of  Oxford  University  for  an  address  the  sentiments 
of  which  were  directly  against  those  he  himself  had  been  main- 
taining for  twenty-five  years.  He  said  afterwards  that  when 
the  proofs  of  the  Marquis's  address  were  put  in  his  hands  the  day 
before  he  realized  that  he  had  before  him  a  most  delicate  and  diffi- 
cult task.  Lord  Kelvin  (Sir  William  Thompson ),  one  of  the  most 
distinguished  living  physicists,  first  moved  the  vote  of  thanks, 
but  his  reception  was  nothing  to  the  tremendous  applause  which 
greeted  Huxle}'  in  the  heart  of  that  University  whose  cardinal 
principles  he  had  so  long  been  opposing.  Considerable  anxiety 
had  been  felt  by  his  friends  lest  his  voice  would  fail  to  fill  the 
theatre,  for  it  had  signally  failed  during  his  Romanes  Lecture 
delivered  in  Oxford  the  year  before,  but  when  Huxley  arose  he 
reminded  3'ou  of  a  venerable  gladiator  returning  to  the  arena 
after  years  of  absence.  He  raised  his  figure  and  his  voice  to 
its  full  height,  and,  with  one  foot  turned  over  the  edge  of  the 
step,  veiled  an  unmistakable  and  vigorous  protest  in  the  most 
gracious  and  dignified  speech  of  thanks. 

Throughout  the  subsequent  special  sessons  of  this  meeting 
Huxley  could  not  appear.  He  gave  the  impression  of  being 
aged  but  not  infirm,  and  no  one  realized  that  he  had  spoken  his 
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last  word  as  champion  of  the  law  of  Evolution.  He  soon  re- 
turned to  Eastbourne.  Early  in  the  winter  he  contracted  the 
grippe,  which  passed  into  pneumonia.  He  rallied  once  or  twice 
and  his  last  effort  to  complete  a  reply  to  Balfour's  ^*  Foundations 
of  Belief"  hastened  his  death,  which  came  upon  June  29th,  at 
the  age  of  seventy. 

I  have  endeavored  to  show  in  how  many  ways  Huxley  was  a 
model  for  us  of  the  younger  generation.  In  the  central  hall  of 
the  British  Museum  of  Natural  History  sits  in  marble  the  life 
size  figure  of  Charles  Darwin;  upon  his  right  will  soon  be  placed 
a  beautiful  statue  of  Richard  Owen,  and  I  know  that  there  are 
many  who  will  enjoy  taking  some  share  in  the  movement  to  com- 
plete this  group  with  the  noble  figure  of  Thomas  Henry  Huxley. 


Stated  Meeting. 

November  18th,  1895. 

The  Academy  met  with  Vice-President  Stevenson  in  the  Chair; 
about  twenty-one  persons  present. 

There  being  no  regular  business,  the  Section  in  Geology  and 
Mineralogy  immediately  organized. 

The  first  paper  was  read  by  Prof.  J.  J.  Stevenson. 

NOTES  ON  THE  GEOLOGY  OF  INDIAN  TERRITORY. 

By  John  J.  Stevenson. 

During  a  visit  to  Indian  Territory  in  July  of  1895  the  writer 
found  opportunity  to  make  some  observations  tending  to  unite 
the  work  done  by  Dr.  H.  M.  Chance  and  Prof.  R.  T.  Hill  in  that 
Territory,  with  that  done  in  Arkansas  b}'  Mr.  Arthur  Winslow, 
Prof.  Hill  and  Mr.  Griswold,*  as  well  as  to  suggest  relation- 
ships between  the  Carboniferous  of  the  Territory  and  Texas. 

*  R.  T.  Hill.  Ann.  Rep.  Geol.  Surv.  of  Arkanaa.s  for  188«,  Vol.  II,  pp.  11,  et  seq.  (1888). 

H.  M.  Chance.  Geology  of  the  Choctaw  coalfield,  Trans.  Amer.  Inst.  M'ng.  £ng'n.. 
Vol.  VIII.  (1890). 

A.  Winslow,  The  geotectonic  and  physiographic  geology  of  western  Arkansaa,  BnU. 
Geol  Soc.  Amer.,  Vol.  II.,  pp.  225  et.  seq.  (1891). 

R.  T.  Hill,  Notes  on  a  reconnaissance  of  the  Ouachita  mountain  system  in  Indian 
territoiy,  A.  J.  8.,  Vol.  XLII.,  pp.  Ill,  et.  seq,  (1891). 

L.  S.  Griswold,  Ann.  Rep.  Geol.  Snrv.  of  Arkansas  for  1890,  Vol.  III.,  pp.196  et.  seq. 
(W92). 
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Mr.  Winslow's  final  report  upon  the  Coal  Measures  of 
Arkansas  is  still  unpublislied,  but  he  has  given  me  his  table  of 
succession,  which  is  as  follows  : 

I.  Poteau  Stage,  3300'-3900',  consisting  mainly  of  shale,  the 
Poteau  shale.  This  interval  contains  several  coal  bedSj  that 
mined  at  Huntingdon  and  neighboring  localities  in  northwestern 
Arkansas  being  the  most  important  and  near  the  base. 

II.  Sebastian  Stage,  consisting  of 

a.  Greenwood  sandstone,  100',  seen  in   Indian  Territory, 
just  south  from  Jensen  on  St.  Louis  and  San  Francisco  railroad. 

b.  Tomlinson  shale,  500'-600'. 

c.  Hartwell  sandstone,  O'-lOO',  not  present  in  Indian  Terri- 
tory. 

d.  Belva  shale,  0'-600',  not  present  in  Indian  Territory. 

c.  Ozark  sandstone,  0'-600',  not  present  in  Indian  Terri- 
tory. 

III.  Spadra  Stage,  0^-500',  consisting  of  shales  and  sand- 
stones with  several  coal  beds,  the  semi-anthracites  referred  to 
long  ago  by  D.  D.  Owen  and  recently  described  in  Winslow's 
preliminary  report  on  the  Arkansas  coals.  These  beds  thin 
westwardly  and  are  wanting  at  the  Indian  Territory  line. 

IV.  Norristown  Stage,  usually  consisting  of  two  sandstones, 
the  upper,  from  0'-200'  and  the  lower,  100'-200'.  At  the  line 
of  Indian  Territory,  it  is  represented  by  one  sandstone,  100' 
thick. 

Y.  Booneville  Stage,  consisting  of  shales  and  from  400'-2500'. 

It  contains  coal  beds,  one  below  the  middle  and  the  other  near 
the  base. 

YI.  Appleton  Stage,  consisting  of 
o.  Cross  Plains  sandstone,  60'-150'. 

6.  Russellville  shales,  500'-600',  with  thin  coals  near  bottonu 
c.  Washburn  sandstones,  500'-600'. 

YII.     Danville  Stage,  not  differentiated. 

The  base  of  the  coal  measures  was  not  reached  in  the  area 
studied  by  M.  Winslow,  and  the  beds  of  the  Danville  Stage  were 
not  measured. 

The  continuity  of  the  series  into  Indian  Territory  is  clear 
even  to  one  traveling  on  a  railroad  train,  but  the  erosion  is  so 
great  that  details  of  succession  can  be  obtained  only  by  patient 
study  supplemented  by  records  of  boreholes.  The  sandstone 
ridges  separated  by  swales  marking  areas  underlain  by  shales 
are  easily  followed,  and  their  curves  exhibit  well  the  structure  of 
the  region,  while  they  afford  the  means  of  determining  the  place 
of  the  several  coal  beds.  Dr.  H.  M.  Chance  spent  several 
months  of  1890  in  studying  the  region  along  the  line  of  the 


Digitized  by  VjOOQIC 


52  TRANSACTIONS   OP  THE  [NOV.  18, 

Choctaw,  Oklahoma  and   Gulf  railway,  where  he  succeeded  in 
working  out  the  succession.     His  section  is  as  follows  :*^ 

Poteau  Stage. 

1.  Sandstones  and  shales 1200' 

2.  Kauanaugh  coal  bed 4' 

3.  Sandstones  and  shales 4036' 

4.  Secor  coal  bed 2'  6" 

5.  Shale 30' 

Tomlinson  Stage. 

6.  Sandstone 60' 

7.  Shales    320' 

8.  Sandstones 100' 

9.  Shales  with  coal,  3'  near  bottom 220' 

Norristown  Stage. 

10.  Sandstone 100' 

Booneville  Stage. 

12.  Shales 200' 

13.  Sandstone 50' 

14.  Shales 130' 

15.  Norman  coal  bed 3' 

16.  Shales  and  sandstones,  thin  coals    600' 

17.  McAlester  coal  bed 4' 

18.  Shales 500' 

19.  Sandstone 100' 

20.  Shales  with  thin  coals TOO' 

21.  Orady  coal  bed     , 4' 

Appleton  Stage. 

22.  Sandstone,  Cross  Plains 200' 

23.  Shales,  not  measured. 

Below  the  shales  Dr.  Chance  found  a  limestone  which  he  was 
inclined  to  regard  as  possibl}'  Lower  Carboniferous. 

The  highest  beds  of  the  column  are  reached  on  Kavanaugh 
and  Sugar  Loaf  mountains,  in  the  Sugar  Loaf  synclinal  of  Wins- 
low,  which  holds  tlie  Huntingdon  coal  of  Arkansas.  Dr.  Chancers 
section  evidently  reaches  higher  beds  than  are  found  in  Arkan- 
sas, but  it  is  possible  that  the  thickness  may  be  exaggerated 
somewhat,  as  there  was  no  opportunity  to  check  the  observations 
by  means  of  borings.  The  coal  bed,  termed  by  him  the  Kava- 
naugh, or  Mayberry,  is  of  indifferent  character,  and  consists  of 

*The  parallelisms  with  the  Arkansas  section  are  by  the  writer,  and  Dr.  Chance  must 
not  be  regarded  as  responsible  for  them. 
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alternations  of  shale  and  coal,  in  all  from  3'  6"  to  b'  V  thick. 
It  is  evidently  one  of  the  higher  coal  beds  found  within  the 
Poteati  shales  in  Arkansas.  Possibly  the  bed  worked  formerly 
at  Poteau  station  in  that  synclinal,  may  be  the  same  with  the 
Huntingdon  coal  bed.  But  this  is  only  a  conjecture,  as  the  beds 
were  not  traced. 

The  Greenwood  sandstone  of  the  Sebastian  stage  could  not 
be  recognized  on  the  southerly  side  of  the  Sugar  Loaf  synclinal, 
there  being  more  than  one  sandstone  which  would  meet  the  re- 
quirements, and  the  equivalent  of  that  bed  can  be  determined 
only  by  direct  tracing  from  the  tj^pical  locality  in  Arkansas, 
there  being  no  limestones  or  other  definite  horizons  to  save  one 
that  labor.  The  line  between  the  Poteau  and  Sebastian  is  drawn 
arbitraril3^ 

The  Booneville  Stage  is  that  of  most  interest  in  the  Indian 
Territory  and  is  exposed  in  a  series  of  narrow,  rudelj'  east  and 
west  sj-nclines  from  the  Arkansas  line  and  along  the  Choctaw, 
Colorado  and  Gulf  railroad  to  beyond  McAlester,  on  the  Mis- 
souri, Kansas  and  Texas  railway.  Dr.  Chance's  study  of  this 
division  was  especially  detailed  and  satisfactory.  Since  his  in- 
vestigations, in  1890,  the  beds  nave  been  traced  eastward  from 
the  Choctaw  road  to  the  Arkansas  line  and  extensive  mining 
operations  have  been  carried  on  in  the  Territory,  but  all  recent 
investigations  tend  only  to  confirm  the  accuracy  of  his  work.* 
The  Booneville  consists  of  a  great  mass  of  shale  with  beds 
of  sandstone  from  50  to  150  feet  thick,  which  form  bold  ridges, 
by  means  of  which  the  coal  beds  can  be  traced.  Eleven 
coal  beds  occur  in  this  series,  only  two  of  which  have 
been  found  economically  important.  The  Grady  coal  bed  is 
at  the  base  of  the  division,  separated  by  only  a  few  feet, 
rarel}^  more  that  forty,  from  what  the  writer  takes  to  be 
the  Cross  Plains  sandstone.  It  appears  to  be  comparatively 
unimportant  near  the  Missouri,  Kansas  and  Texas  road,  but  in- 
creases in  importance  eastward  and  is  mined  at  Hartshorne,.in 
what  is  known  as  the  Grady  basin,  and  on  the  St.  Louis  and 
San  Francisco  railroad,  at  the  Bryan  mine.  It  has  been  traced 
and  proved  by  prospect  holes  into  Arkansas,  where  it  is  shown 
on  the  southerly  side  of  Poteau  mountain.  Its  thickness  near 
Hartshorne  is  from  3'  6"  to  somewhat  more  than  4',  and  the 
coal  is  of  excellent  quality,  being  clean  and  bearing  handling 
well.  It  cokes  readily,  but  no  effort  has  been  made  to  utilize  it 
in  that  manufacture. 

*  I  am  under  very  decided  obligations  to  Mr.  Francis  I.  Gowen,  President  of  t  h 
Choctaw,  Oklahoma  and  Gulf  railroad,  and  to  Mr.  Edwin  Ludlow,  General  Superin- 
tendent of  Mines,  as  well  as  to  Dr.  E.  N.  Wright,  of  Atoka,  for  material  assistance  and 
for  many  courtesies  while  in  the  Indian  Territory.  Also  to  Dr.  Chance,  who  has  given 
me  the  use  of  his  notes. 
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The  McAlester  bed,  about  midway  in  this  division,  attains  its 
chief  importance  near  the  Missouri,  Kansas  and  Texas  railroad, 
being  mined  at  McAlester,  Krebs  and  Alderson.  It  is  from  8' 
6^'  to  4^  thick  at  McAlester,  but  before  reaching  Arkansas,  ac- 
cording to  Mr.  Mitchell,  the  Choctaw  Coal  Company's  prospec- 
tor, it  becomes  too  thin  to  be  of  any  importance.  The  coal  is 
good,  but  is  is  somewhat  tender,  and  does  not  bear  handling  so 
well  as  does  that  from  the  Qrady  bed ;  it  gives  off  abundant 
soot  in  burning.  This  bed  was  worked  at  one  time  near  Savanna, 
south  from  McAlester,  but  the  mine  was  abandoned  owing  to  in- 
creasing steepness  of  dip.  Probably  the  same  bed  is  mined  at 
Lehigh  and  Coalgate,  about  ten  miles  northwest  from  Atoka,  on 
a  branch  of  the  M.  K.  and  T.  railroad,  about  35  miles  from  Mc- 
Alester ;  the  coal  is  said  to  be  equally  good. 

The  coals  show  a  notable  decrease  eastward  in  the  amount  of 
volatile,  as  one  might  expect  from  the  Arkansas  conditions  de- 
scribed by  Mr.  Winslow.  The  variations  are  best  shown  in  the 
Orady  coal,  as  the  analyses  of  that  bed  have  been  made  from 
samples  collected  at  mines  in  several  basins  between  Hartshorne 
and  the  Arkansas  line.  They  were  made  by  Mr.  A.  S.  McCreath 
for  Dr.  Chance.     The  fuel  ratios  are  as  follows  : 

1.  Average  of  8  analyses  in  Orady  basin 1.27 

2.  Average  of  2  analyses  in  McKinney  basin  10  miles  east.  1.33 

3.  Coal  from  Bryan  mine,  20  miles  further  east 2.10 

4.  Coal  from  pit  in  Mitchell  basin  near  Arkansas  line 3.77 

The  especial  interest  lies  in  the  fact  that  the  decrease  in  vola- 
tile bears  no  relation  to  the  disturbance  in  the  strata,  there  being 
no  increase  of  disturbance  eastward  in  Indian  Territory  or  in 
Arkansas ;  on  the  contrary,  the  disturbance  of  the  rocks  shows 
little  change  in  theTerritory,whilein  Arkansas  it  practically  dis- 
appears as  one  approaches  the  area  of  semi-anthracite. 

The  rocks  of  the  Appleton  and  Danville  stages  below  the  Cross 
Plains  sandstone  are  not  exposed  except  in  a  fragmentary  way 
in  the  shallow  ditches  through  which  petty  streams  flow.  That 
sandstone  makes  a  well  defined  ridge,  which  is  the  southern 
boundary  of  the  coal  region  proper.  The  lower  beds  are  almost 
wholly  shale,  only  one  bed  of  sandstone,  very  thin,  being  rigid 
enough  to  form  a  ridge. 

The  coal  area  is  cut  off  abruptly  at  the  south,  between  the 
Arkansas  line  and  the  Missouri,  Arkansas  and  Texas  railroad,  by 
a  limestone  ridge  or  rather  a  succession  of  ridges,  there  being 
at  least  six  of  them  south  from  Hartshorne.  An  exposure  of 
shale  at  a  few  rods  from  the  most  northerly  ridge  shows  a  north- 
ward dip,  while  the  limestone  in  all  of  the  ridges  crossed  near 
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Hartshorne  dips  southwardly.  The  first  suggestion  is  that  a 
fault  brings  up  the  limestone,  but  the  more  probable  condition 
is  that  of  overturned  anticlinals,  as  the  anticlinal  structure  is 
very  distinct  in  the  ridges.  One  bed  was  discovered  just  before 
our  return  to  Hartshorne,  which  will  yield  an  abundant  harvest 
to  a  skillful  and  patient  collector.  The  specimens  obtained  at 
the  outcrop  are  in  poor  condition  and  suffice  only  for  determi- 
nation of  the  genera.  Prof.  R.  P.  Whitfield  recognized  in  them 
ZeacrinuSj  Fenestella^  Eumetria^  Athyris^  Nucula,  Yoldia  and 
CladodiLS^  with  characters  referring  them  to  the  Upper  Carboni- 
ferous. This  series  of  ridges  is  continuous  into  Arkansas  and 
is  the  guide  to  the  coal  prospector  working  eastwardly  in  Indian 
Territory.  The  coal  measures  are  reached  again  south  from 
them,  but  no  mining  operations  have  been  undertaken  there. 

The  only  limestone  seen  by  the  writer  above  this  mass  is  a 
thin  bed  observed  along  the  Missouri,  Kansas  and  Texas  rail- 
road south  from  Savannah,  and  again  on  the  same  road  south 
from  the  limestone  ridge  near  Atoka.  Dr.  Chance  found  a  fos- 
siliferous  limestone  on  the  Choctaw  railroad  east  from  Hart- 
shorne. 

From  the  Arkansas  line  to  McAlester,  this  coal  field  has  an  east 
and  west  strike  and  the  structure,  as  pointed  out  by  Dr.  Chance, 
is  Appalachian.  One  finds  here  a  series  of  short,  overlapping 
anticlines  enclosing  typical  canoe-shliped  synclines,  termed  by 
Dr.  Chance  the  Mitchell,  McKinney,  Grady  and  McAlester 
basins.  The  dips  are  comparatively  gentle,  5  or  6  degrees, 
where  the  axes  overlap,  but  become  50  or  even  60  degrees  along 
the  sides  of  the  basins.  And  this  condition  continues  for  pos- 
sibly 25  miles  westward  beyond  McAlester.  As  one  approaches 
McAlester  from  the  east,  the  overlapping  anticlines  become 
stronger  and  the  basins  more  numerous,  so  that  the  outcrop  of 
the  coals  reaches  further  south.  To  what  extent  the  Limestone 
ridge  is  affected  by  these  local  folds  cannot  be  determined  dur- 
ing a  hasty  ride,  for  the  petty  ridges  composing  it  are  not  per- 
sistent, having  suffered  so  much  from  erosion,  so  that  one  might 
easily  be  misled  as  to  the  direction.  It  is  certain,  however,  that 
the  ridge,  as  a  whole,  is  bent  southwestwardly  from  Wilburton 
on  the  Choctaw  railroad  to  Limestone  Gap,  on  the  Missouri, 
Kansas  and  Texas  road,  in  accordance  with  the  widening  of  the 
coal  area. 

At  Limestone  Gap,  27  miles  south  from  McAlester,  the  rail- 
road passes  through  the  Limestone  ridge  and  thence  runs  but 
little  off  the  strike  almost  to  Atoka,  46  miles  south  from  Mc- 
Alester. On  the  southerly  side  of  the  ridge  the  rocks  are  dip- 
ping almost  southeastward  at  not  more  than  30  degrees.  But  here 
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the  trend  is  changed  abruptly  and  the  limestone  ridge,  which 
from  Wilbarton  has  been  holding  a  widely  southwest  direction, 
is  bent  sharply  southward  and  the  dip  changes  so  as  to  be  al- 
most eastward  and  very  steep,  40  to  70  degrees,  sometimes  little 
less  than  vertical.  The  strike  is  not  true  but,  as  pointed  out  by 
Prof.  Hill,  the  limestone  appears  to  be  bent  westward  at  several 
places.  This  is  evidence  of  overlapping  anticlines  here  as  on 
the  Choctaw  railroad.  The  ridge  is  distinct  as  far  as  String- 
town,  38  miles  from  McAlester,  but  thence  decreasing,  it  dis- 
appears before  Atoka  has  been  reached,  for  it  is  wanting  where 
its  place  is  crossed  b}'  the  branch  road  from  Atoka  to  Lehigh 
and  Coalgate,  the  only  limestone  seen  along  that  branch  being 
the  thin  bed  already  mentioned  as  seen  just  north  from  Atoka, 
on  the  main  line.  Prof.  Hill  found  it  further  southward,  but  the 
writer  failed  to  discover  it  at  two  miles  south  from  the  Lehigh 
branch.  The  axis  must  pass  very  near  where  the  thin  limestone 
was  seen,  for  coal  occurs  at  about  two  miles  west  from  Atoka, 
where  the  rocks  are  dipping  westward.  The  mines  at  Lehigh 
and  Coalgate  are  on  the  opposite  side  of  the  basin. 

The  abrupt  elevation  of  the  Limestone  anticline  northward 
affects  the  distribution  of  the  coal  and  clearly  causes  a  very 
rapid  narrowing  of  the  basin,  for  Mr.  McConnelly,  the  Atoka 
Coal  Company's  prospector,  says  that  the  coal  is  cut  off  by  the 
Limestone  Hills  at  several  miles  north  from  Coalgate. 

It  was  the  writer's  intention  to  go  across  the  country  from 
Lehigh  to  Dougherty,  a  station  80  miles  awa}*,  on  the  Gulf, 
Colorado  and  Santa  Fe  railroad,  but  the  long-continued  heavy 
rains,  unusual  in  summer,  rendered  it  probable  that  the  rivers 
could  not  be  forded  and  the  project  was  abandoned.  Limestone 
in  great  quantity  and  with  almost  vertical  dip  is  reported  as 
occurring  at  several  localities  in  this  interval.  Manganese  oxide 
and  magnetite  have  been  obtained  in  limestone,  more  or  less 
oolitic,  at  not  more  than  20  miles  from  Lehigh,  near  the  line  of 
the  proposed  Denison  and  Northern  railroad.  Limestone  is  said 
to  occur  at  Stonewall,  also  on  the  Canadian  river  near  the  Choctaw 
railroad  crossing,  and  on  the  Dougherty  road  about  25  miles 
from  the  latter  place.  The  last  may  be  the  work  referred  to  by 
Prof.  Hill  as  of  Silurian  age.* 

The  conditions  along  the  Gulf,  Colorado  and  Santa  F^  rail- 
road are  wholly  unlike  those  observed  in  the  eastern  part  of  the 
Territory.  At  Purcell,  on  the  Canadian  river,  on  the  border  of 
Oklahoma,  one  is  in  the  *^  Red  beds,"  beds  of  soft*  sandstone  and 

*  The  roKion  north  and  south  from  liChigh  was  studied  with  great  care  by  Pror. 
Orefltes  8t.  John  several  years  ago,  but  the  writer  was  not  aware  of  this  fact  until  he 
reached  Lehigh,  so  that  he  was  unable  to  take  advantage  of  the  investigations. 
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shale,  whose  age  has  not  been  determined  satisfactorily.  They 
bear  little  resemblance  to  the  Permian  beds  of  Texas,  but  they 
are  not  far  from  where  the  Permian  beds  ought  to  be.  South- 
ward from  Purcell  to  Davis,  about  39  miles,  the  region  is  broadly 
rolling  prairie  without  any  exposures  within  a  considerable  dis- 
tance from  the  railroad  ;  but  midway  between  Davis  and  Dough- 
erty a  bold  limestone  ridge  is  crossed,  whose  anticlinal  structure 
is  well  shown  in  the  deep  cuts.  This  ridge  is  formed  of  bare 
hills  passing  within  a  short  distance  back  of  Dougherty.  As  it 
has  a  southeasterly  trend,  it  is  evidently  the  anticline  passing 
southeast  from  that  place  at  the  junction  of  Rock  and  Buckhorn 
creeks.  It  is  crossed  by  the  Denisonand  Northern  line  at  about 
6  miles  southeast  of  Dougherty. 

On  Buckhorn  creek,  at  about  5  miles  from  Doughert}^  a  bed 
of  asphaltic  limestone  was  mined  as  coal  some  years  ago.  The 
fragments  seen  at  the  pit  were  so  decomposed  that  the  nature  of 
the  rock  could  hardly  be  determined. .  The  bed  is  about  12  feet 
thick  and  lies  between  conglomerates,  each  about  15  inches. 
Some  bright  as phaltum,  probably  gilsonite,  occurs  in  small  quan- 
tity. This  was  used  as  fuel  at  Dougherty,  but  was  not  satisfac- 
tory. It  gave  off  intense  heat,  but  did  not  break  up,  and  the  re- 
siduum was  removed  with  difficulty. 

The  asphalt  was  seen  again  near  the  same  stream  at  about  8 
miles  from  Dougherty,  where  prospecting  was  going  on  for  the 
St.  Louis  Gilson-Asphaltum  Company.  The  opening  is  a  strip- 
ping along  the  crop,  which  no  longer  exhibits  the  full  thickness, 
which  is  said  to  be  14  feet  The  overlying  bed  is  a  conglome- 
rate as 'at  the  other  exposure,  about  18  or  20  inches  thick,  con- 
sisting mostly  of  calcareous  pebbles,  but  containing  some  which 
are  silicious  and  have  an  onyx-like  structure  as  though  they  had 
resulted  from  replacement.  A  similar  conglomerate  is  said  to 
underlie  the  bed,  but  it  is  not  exposed  at  the  excavation.  The 
asphalt  is  a  tough  limestone,  very  dark  brown  on  the  fresh  sur- 
face, but  becoming  gray  after  long  exposure.  The  distribution 
of  the  bitumen  causes  somfe  variation  in  tint,  the  lighter  color 
prevailing  where  the  bitumen  is  concentrated  along  lines  and  not 
evenly  distributed.  The  percentage  of  bitumen  is  reported  to 
average  not  far  from  17  and  to  be  as  much  as  25  in  some  of  the 
samples.  It  is  said  to  be  rather  harder  than  that  in  most  of  the 
other  asphalts  brought  to  the  American  market.  The  bitumen 
fuses  when  the  rock  is  exposed  for  several  hours  to  the  summer 
sun  of  Indian  Territory,  so  that  the  surface  of  fragments  be- 
comes covered  with  a  brilliant  coating.  Small  bunches  of  bright 
asphaltum,  said  to  be  gilsonite,  are  found  frequently.  The 
dip  at  this  pit  is  westward,  but  the  outcrop  on  the  opposite 
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side  of  the  trough  was  pointed  out  by  the  foreman  of  the 
work.* 

A  curious  and  interesting  feature  is  the  mode  of  preservation 
of  the  fossils  occurring  in  this  rock.  They  are  mostly  cephalo- 
pods  and  the  shells  are  as  well  preserved  as  are  those  of  mol- 
lusks  in  the  Fort  Pierre  shales.  The  brilliancy  of  the  nacre  is 
retained,  the  several  laminae  of  the  larger  shells  are  distinct  and 
in  some  of  the  smaller  orthocerahtes  the  shell  is  almost  trans* 
lucent.  The  condition  of  preservation  suggests  that  the  bitu> 
men  was  introduced  at  a  very  early  stage  of  the  rock's  history. 
The  weathered  portions  of  the  rock  exhibit  broad  bands  of 
vegetable  origin,  the  possible  source  of  the  bitumen  so  thoroughly 
disseminated.f 

Prof.  Alpheus  Hj'att  examined  the  nautiloid  forms  found 
here  and  recognized  Solenocheilus  collectus  M.  &  W.,  and  Meto- 
ceras  cavatiformis  Hyatt ;  the  former  species  being  represented 
by  a  huge  fragment.  Other  forms  occur,  but  the  specimens  are 
too  imperfect  for  identification.  Orthoceras  is  abundantly  rep- 
resented, but  the  forms  are  not  those  of  the  ordinary  species  and 
may  be  new;  Naticopsis  altonensis  McCh.,  Euomphalua  sub- 
rugosus,  Bellerophon  sp.  near  B,  hiuleuSt  Solenomya  sp.  and 
Orthis  pecosii  were  obtained.  The  rock  is  abundantly  fossi- 
liferous,  though  the  number  of  forms  does  not  appear  to  be  great. 

No  fossils  were  observed  in  the  limestone  cut  by  the  railroad 
north  from  Dougherty,  but  the  succession  is  so  regular  that 
there  seems  to  be  little  room  for  doubt  that  those  beds  belong 
to  the  Carboniferous,  and  that  the}^  should  be  put  into  the  Coal 
Measures.  This  portion  of  the  section,  as  is  shown  by  the  fos- 
sils, is  equivalent  to  the  Bend  division  of  the  Texas  Coal  Meas- 
ures described  by  Prof.  Cummins.J 

Southward  from  Dougherty,  the  railroad  soon  enters  the  Ar- 
buckle  mountains  and  reaches  limestone  cliffs  within  two  miles 
and  a  half  from  the  station.  For  somewhat  more  than  two 
miles  further  it  follows  the  canon  of  Wichita  river,  whose  walls 
are  limestone  bluffs  in  which  the  bed^  dip  northwest  to  almost 

•  Mr.  C.  O.  Baxter,  President  of  the  Gilson- Asphalt  am  Company,  informs  me  that 
since  my  visit  a  new  mine  has  been  opened  on  the  opposite  side  of  the  trough,  about  a 
mile  and  a  half  west  from  this  excavation.  There  the  limestone  is  about  20  feet  thick, 
with  barely  one-fifth  of  1  per  cent,  of  silicious  matter.  The  bitumen  is  from  8  to  10  per 
cent,  and  of  what  may  be  termed  the  normal  consistency.  The  chemical  analyses 
show  that  this  rock  is  very  closely  similar  to  that  from  Val  de  Ttavers  and  Seyssel. 
The  fossil  remains  in  this  pit  are  reported  to  be  different  from  those  in  the  other. 

fin  this  connection  reference  may  be  made  to  the  fact  that  petroleum  has  been 
obtained  in  moderate  quantity  at  about  40  miles  northeast  from  Dougherty  on  a  con- 
cession belonging  to  Dr.  E.  N.  Wright.  The  exploration,  however,  is  not  extensive  and 
nothing  is  known  respecting  the  value  of  the  deposit. 

tSecond  annual  report  of  the  Geological  Survey  of  Texas,  1891,  pp.  360-367.  Mr.  E* 
T.  Dnmble,  State  Geologist  of  Texas,  writes  me,  that  prior  to  my  visit,  he  had  been  a^ 
Dougherty  and  had  recognized  the  equivalence  of  these  rocks  with  the  Bend  of  Texas* 
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north,  and  southeast  to  almost  south,  at  from  20  to  80  degrees. 
Prof.  R.  T.  Hill  devoted  much  labor  to  the  investigation  of  this 
jgorge,  but  was  unable  to  determine  the  structure,  which  is  cer- 
tainly more  than  ordinarily  perplexing.  A  sharply  defined  fault 
is  shown  in  the  long  side  cutting  just  beyond  where  the  road 
first  reaches  the  river,  and  another  at  the  gravel  pits,  say  half  a 
mile  further  south.  The  ridge  has  a  southeastward  trend  and 
can  be  traced  for  a  considerable  distance  even  by  one  riding  on 
a  railroad  train ;  but  it  is  cut  off  abruptly  toward  the  southern 
border  of  Indian  Territory,  where  one  comes  to  the  lower  beds 
of  the  Cretaceous. 

Prof.  Hill's  collections  in  the  Wichita  gorge  proved  the  occur- 
rence there  of  palaeozoic  rocks  from  Trenton  to  Oriskany.  Car- 
boniferous beds  are  found  again  on  the  southerly  side  of  the 
mountains,  and  near  Ardmore  is  an  asphalt  deposit,  which 
promises  to  be  of  some  economic  importance. 

Direct  tracing  of  the  Coal  measures  from  Arkansas  into  Texas 
seems  hardly  possible,  for  the  Cretaceous  overlap  at  the  foot  of 
the  Ouachita  mountains  extends  for  two-thirds  of  the  southern 
line  between  Texas  and  Indian  Territory.  Prof.  Hill's  "  Red 
Beds"  are  shown  by  him  to  be  continuous  from  Texas  into  the 
Territory  around  the  westerly  end  of  the  Arbuckle  mountains. 
But  those  beds  can  hardly  prove  very  useful.  The  writer  in 
company  with  Prof.  Cummins,  of  the  Texas  Survey,  visited  the 
region  whence  Permian  fossils  have  been  obtained,  about  150 
miles  northwest  from  Port  Worth.  If  the  beds  in  that  region 
are  the  same  with  the  "  Red  Beds"  at  Purcell  and  southward  in 
Indian  Territory,  one  will  need  fossils  to  prove  the  identity,  for 
the  lithological  characters  are  wholly  dissimilar ;  still  the  inter- 
val between  the  localities  is  considerable  and  change  in  charac- 
ters may  be  gradual. 

The  limestones  of  Indian  Territory  afford  the  best  means  of 
correlation  at  present.  The  Bend  stage  in  Texas,  as  described 
by  Cummins,  is  near  the  base  of  the  Upper  Carboniferous  ;  its 
special  fauna  is  found  in  the  limestones  near  Dougherty ;  the 
limestones  of  the  Choctaw  nation  occupy  a  similar  place  in  the 
section.  The  writer  feels  justified  in  regarding  the  Choctaw, 
Dougherty  and  Bend  limestones  at  practically  the  same  horizon  ; 
and  in  concluding  that,  during  the  early  portion  of  the  Upper 
Carboniferous,  like  conditions  prevailed  from  Arkansas  to  cen- 
tral Texas.  To  work  out  the  upper  portion  of  the  section  in 
central  Indian  Territory  will  prove  tedious,  as  the  region  has 
been  base-leveled  and  the  rolling  prairie  shows  few  exposures. 

Messrs.  Hill,  Winslow,  Griswold  and  Chance  have  studied  the 
Ouachita  mountain  system  of  western  Arkansas  and  the  Indian 
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Territory,  and  have  recognized  the  similarity  of  its  structure  to 
that  of  the  Appalachian  chain ;  but  while  the  similarity  has  been 
recognized,  a  notable  contrast  has  been  observed,  the  trend  of 
the  Ouachita  being  approximately  east  and  west,  while  that  of 
the  Appalachian  is  approximately  north  and  south. 

The  similarity  is  indeed  very  striking,  but  the  contrast  is  far 
from  being  so  important  as  might  be  imagined  at  the  first  glance. 
The  Appalachian  type  of  structure  is  especially  distinct  to  some 
distance  west  from  the  Missouri,  Kansas  and  Texas  railroad. 
Overlapping  anticlines  and  synclines  are  numerous,  so  that  the 
coals  in  the  Choctaw  nation  are  found  in  basins  and  the  sand- 
stone outcrops  follow  zigzag  lines.  The  conditions  are  not  so 
prominently  distinct  beyond  that  railroad  and  southward  from 
the  latitude  of  McAlester,  as  the  region  has  been  base-leveled, 
and  the  folds,  being  less  prominent,  have  less  influence  on  the 
topograph}' ;  but  the  conditions  can  be  traced  out  without  diffi- 
culty for  many  miles  southward. 

The  resemblance  to  the  Appalachian  structure,  however,  is 
not  confined  to  the  overlapping  anticlines  and  synclines ;  it  is 
equall}'  marked  in  variation  of  the  trend.  At  Wilburton,  on  the 
Choctaw,  Oklahoma  and  Gulf  railroad,  about  60  miles  west  from 
the  Arkansas  line,  the  main  trend  as  shown  by  the  Limestone 
Hills,  is  bent  south  of  west,  then  southwest,  and  this  latter  course 
is  held  for  about  46  miles  to  Limestone  Gap,  where  it  is  changed 
to  west  of  south.  This  direction  continues  for  20  miles  as  fol- 
lowed by  the  writer,  and  Prof.  Hill  appears  to  have  traced  it  for 
probably  10  miles  more,  thus  giving  about  75  miles  for  the 
southerly  trend.  How  much  further  this  course  is  held  cannot 
be  determined,  for  at  a  little  distance  further  one  comes  to  the 
Cretaceous  overlap,  marked  out  by  Prof.  Hill,  which  conceals 
tiie  older  structure.  The  Ouachita  system,  as  a  topographical 
feature  at  least,  seems  to  have  its  eastern  limit  not  far  from 
Little  Rock,  Arkansas.  The  westward  trend  extends  thence  to 
near  Wilburton,  on  the  Choctaw  railroad  in  Indian  territory, 
about  140  miles  in  a  direct  line;  thence  the  southerly  trend  con- 
tinues for  not  less  than  75  miles  or  somewhat  more  than  one- 
half  of  the  other. 

This  is  precisely  the  type  of  variation  shown  by  the  Appa- 
lachian trend  in  Pennsylvania  and  Virginia.  From  the  Schuyl- 
kill river  to  southern  Perry  County  in  the  former  State,  about 
90  miles  in  direct  line,  the  course  is  south  of  west ;  abruptly 
changing,  it  becomes  west  of  south  and  so  continues  for  about 
250  miles  to  near  New  River,  Virginia,  where  it  again  becomes 
south  of  west,  which  direction  is  maintained  for  about  100  miles, 
to  a  short  distance  beyond  the  Tennessee  line.     The  sweep  of 
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trend  in  each  case  is  quite  as  sharp  as  that  of  the  Limestone 
Hills*  in  the  Choctaw  nation.  This  similarity  is  so  striking 
that  one  is  tempted  to  imagine  that  the  Ouachita  folds  within 
Arkansas,  when  followed  out  in  detail,  may  be  found  to  show  a 
northward  bend  in  their  trend  and  may  prove  to  be  connected 
with  some  system  of  folds  in  Missouri,  so  that  the  Ouachita 
may  resemble  the  Appalachian  in  a  general  northeastward  and 
southwestward  trend,  but  with  the  east  and  west  portions  pos- 
.  sibly  longer  than  the  north  and  south. 

Thus  far  no  reference  has  been  made  to  the  granitic  area  and 
the  Ar buckle  mountains  west  from  the  Missouri,  Kansas  and 
Texas  railroad  in  the  Chickasaw  nation.  The  writer  had  no 
opportunity  to  examine  any  except  the  western  portion  of  that 
region.  He  is  inclined,  however,  to  regard  it  as  belonging  to 
an  older  S3'stem  of  folds  and  as  wholly  independent  of  the 
Ouachita,  its  peculiar  structure  and  singular  complexity  being 
in  striking  contrast  to  the  beautiful  simplicity  of  the  Ouachita. 
Undoubtedly  it  was  affected  by  the  post-Carboniferous  elevation 
of  the  latter  system,  to  which  much  of  the  distortion  of  dips 
may  be  due.  To  the  same  cause,  indeed,  may  be  attributed  the 
contradictory  dips  and  trends  exhibited  by  the  Carboniferous 
rocks  near  Dougherty,  on  the  Santa  F^  railroad. 

The  Chickasaw  region  between  the  Missouri,  Kansas  and 
Texas,  and  the  Gulf,  Colorado  and  Santa  F^  railroads  deserves 
careful  investigation.  The  only  examination,  thus  far  made,  is 
the  reconnaissance  by  Prof.  Hill,  which,  considering  the  difficul- 
ties under  which  it  was  made,  was  singularly  fruitful  in  results 

• 

The  second  paper  of  the  evening  was  read  by  Prof.  J.  F. 
Kemp,  "  Zinc  and  Lead  Mines  in  Southwestern  Virginia.*' 

The  paper  was  based  upon  a  visit  of  the  speaker  to  the  mines 
the  past  summer.  It  showed  their  geographical  distribution 
and  the  general  geology  of  the  country.  By  means  of  lantern 
views  from  photographs  taken  on  the  spot,  the  excessive  sub- 
aerial  decay  of  the  blende  bearing  limestones  was  made  clear, 
and  the  occurrence  of  the  zinc  in  the  shape  of  calamine  as  crusts 
upon  the  decomposed  limestone  and  beneath  the  overlying 
mantle  of  clay.  It  was  stated  that  the  chemical  reaction  which 
bad  lead  to  the  formation  of  the  ore  must  have  taken  place  at 
the  ordinary  temperature,  and   owing  to   the  influence  of  the 


*  These  have  been  selected  as  they  are  the  special  topographic  feature  of  the  region 
The  structure  is  shown  equally  well  by  other  members  of  the  section,  of  course. 
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common  agents,  such  as  carbonated  atmospheric  waters,  sul- 
phuric acid  and  sulphate  of  zinc,  produced  by  the  decay  of  the 
blende  and  from  the  action  of  the  silica  in  the  original  limestone. 
The  speaker  did  not  attempt  to  illustrate  the  matter  further,  but 
cited  it  as  an  interesting  subject  for  experiment  and  investiga- 
tion. The  paper  was  illustrated  with  numerous  specimens  and 
with  the  lantern.  Discussion  by  the  Chairman  and  others 
followed. 

The  Academy  then  adjourned. 

J.  F.  KemPj  Secretary, 


Public  Lecture. 

November  25th,  1895. 

The  first  public  lecture  of  the  course  of  1895-6  was  delivered 
at  the  Law  School  of  Columbia  College  by  Mr.  Cornelius  Van 
Brunt,  on  "  The  Natural  Flora  of  Bronx  Park." 

The  lecturer  only  treated  of  the  flowering  plants.  His  re- 
marks were  illustrated  by  a  large  series  of  beautifully  colored 
lanteiii  slides,  and  was  of  especial  interest  on  account  of  the 
close  association  of  the  Academy  with  the  newly  organized  New 
York  Botanical  Garden,  which  will  occupy  Bronx  Park- 
About  150  people  were  present. 

J.  F.  Kebip,  Secretary. 


Stated  Meeting. 

December  2d,  1895. 

The  meeting  was  called  to  order.  President  Rees,  in  the  chair. 
There  were  about  twent^^-five  members  and  guests  present. 

In  the  absence  of  the  Secretary',  W.  llallock  was  appointed 
Secretary  pro  tern.  Minutes  of  preceding  meeting  were  read 
and  approved. 
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E.  R.  Van  Nardroff  was  elected  resident  member;  and  H.  P. 
Cashing,  of  Adelbert  College,  Cleveland,  Ohio,  and  C.  Lloyd 
Morgan,  of  University  College,  Bristol,  England,  were  elected 
corresponding  members. 

Prof.  N.  L.  Britton  presented  the  report  of  the  Committee  on' 
the  Audubon  monument,  and  asked  that  the  Committee  be  dis- 
charged. He  reported  the  satisfactory  completion  of  the  monu- 
ment and  the  placing  of  the  new  die,  which  was  guaranteed  for 
at  least  two  years.  He  announced  that  after  all  the  expenses 
of  the  monument  had  been  paid  a  balance  of  $1,797.25  remained 
in  hand,  which  the  Committee  therewith  turned  over  to  the 
Treasurer  of  the  Academy,  together  with  the  following  resolu- 
tion : 

Resolved^  That  after  all  bills  incurred  by  the  Committee  shall 
have  been  paid,  the  Secretary  and  Treasurer  shall  pay  over  the 
balance  to  the  Treasurer  of  the  Academy,  under  the  title, 
"Audubon  Publication  Fund,"  the  interest  of  which  shall  be  an- 
nually devoted  to  the  publication  of  a  memoir  on  some  zoologi- 
cal or  botanical  topic,  if  a  paper  suitable  for  such  memoir  shall 
be  presented.  If  no  such  paper  shall  be  presented  during  any 
one  year,  the  interest  shall  be  allowed  to  accumulate  until  one 
is  presented.  Memoirs  published  by  this  fund  shall  be  so 
designated. 

A  committee  was  appointed  to  audit  the  accounts  of  the 
report. 

There  being  no  further  business  before  the  Academy,  the 
Section  in  Astronomy  and  Phj^sics  then  organized,  with  Prof. 
Woodward  in  the  chair. 

The  first  paper  was  by  Prof.  Harold  Jacoby,  on  "  The  Deter- 
mination of  Division  Errors  in  Straight  Scales."  Prof.  Jacoby 
simply  read  the  introduction  to  the  paper  and  outlined  the  method. 
Thereupon,  with  the  permission  of  the  Chairman,  he  read  a  his 
torical  description  of  the  observatory  at  the  Cape  of  Good  Hope 

The  second  paper  was  by  C.  A.  Post,  on  "  Photographs  of  the 
Lunar  Eclipse  of  September  2,  1895."  The  photographs  ex. 
hibited  were  very  beautiful  and  brought  out  some  interesting 
points  with  reference  to  the  time  of  exposure. 
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The  third  paper  of  the  evening  was  by  Prof.  J.  K.  Rees,  on 
"  Drawings  made  by  Percival  Lowell  of  the  Markings  on  the 
Planet  Mars."  These  drawings  corroborate  to  a  very  remarka- 
ble degree  the  observations  of  Schiaparelli.  The  drawings  pro- 
voked an  animated  discussion  in  which  Profs.  Maj-er,  Rees, 
Post,  Jacoby  and  Hallock  took  part.  The  prevailing  opinion 
seemed  to  be  that,  although  Mr.  Lowell  deserved  much  credit 
for  great  application  and  labor,  we  must  await  further  corrobora- 
tion before  accepting  his  rather  extreme  theories. 

The  Academy  then  adjourned. 

Wm.  Hallock,  Secretary. 


December  2,  1895. 
To  the  New  York  Academy  of  Sciences  : 

Your  committee  appointed  October  3,  1887,  with  power  to 
solicit  funds  for  the  erection  of  a  monument  to  John  James  Au- 
dubon and  to  construct  the  same,  would  respectfully  refer  to 
the  reports  submitted  by  them  on  November  5,  1893,  and  Feb- 
ruary 26, 1894,  and  would  further  report  as  follows,  and  request 
that  they  now  be  discharged. 

We  have  caused  the  die  of  the  monument,  which  was  found 
defective  after  it  had  been  put  in  place,  to  be  replaced  by  a  new 
one.  This  new  stone  was  inserted  in  May  of  the  present  year,  and 
gives  every  evidence  of  satisfaction  ;  it  is  further  guaranteed  by 
the  following  letter  from  the  stonecutters,  herewith  submitted : 

Robert  C.  Fisher  &  Co.,  East  Houston  St.,     ) 
New  York,  November  13,  1895.)' 

Dr.  Egleston^  35  Washington  Square,  New  York  City: 

Dear  Sir  :  We  guarantee  the  Audubon  monument  from  split- 
ting or  cracking  for  a  period  of  two  years. 

Yours  truly,  *      R.  C.  Fisher  &  Co. 

The  committee  has  paid  the  balance  of  the  bill  due  Messrs. 
Fisher  &  Co.,  and  would  submit  the  following  financial  state- 
ment : 
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STATEMENT. 

Total  receipts  from  sabscriptions,  as  reported  on  Nov.  5,  1893 |10,525.21 

Interest  on  sums  deposited  in  the  New  York  Life  Insurance  and 

Tmst  Company,  as  per  vouchers 674.91 

Total  receipts. $11,200.12 

iMsbuTsements  by  the  committee  to  Nov.  3,  1893,  as  reported 

Nov.  5, 1893 16,645.07 

Jan.     25,  1894,  Bill  of  G.  R.  W.  Notman  for  photographs  ( voucher 

54) 82.25 

Jan.  31,  1894,  Wrapping,  addressing  and  postage,  reprints,  re- 
port of  committee 33.00 

Feb.  5,  1894,  Bill  of  the  New  Era,  reprints,  report  of  commit- 
tee (55) 22.05 

April  ^5,  1894,  Bill  of  L.   8.  Foster,  extra  prints  of  invitation 

cards  (56) 10.00 

Nov.    16,  1895,  Balance  due  R.  C.  Fisher  &  Co.,  on  construction 

of  monument  (57) 2,600.00 

Nov.    29,  1895,  Postage  and  clerical  assistance  to  date 10. 50 

Total  disbursements $9,402.87 

Total 

SUMMARY. 

Total  receipts  of  the  committee $11,200.12 

Total  disbursements 9,402.87 

Balance $1,797.25 

Checks  for  this  balance,  payable  to  the  order  of  the  Treasurer 
of  the  Academy  are  herewith  presented. 

In  paying  over  this  sum,  the  following  resolution  of  the  com- 
mittee, adopted  Ma3'^  1,  1893,  and  accepted  by  the  Academy  as  a 
part  of  the  report  of  the  committee  on  November  5,  1893,  is 
submitted : 

Heaolved,  That  after  all  bills  incurred  by  the  committee  shall 
have  been  paid,  the  Secretary  and  Treasurer  shall  pay  over  the 
balance  to  the  Treasurer  of  the  Academy  under  the  title  "  The 
Audubon  Publication  Fund,"  the  interest  on  which  shall  be 
annually  devoted  to  the  publication  of  a  memoir  on  some  zo- 
ological or  botanical  topic,  if  a  paper  suitable  for  such  a  memoir 
shall  be  presented.  If  no  such  paper  shall  be  presented  during 
any  one  year  the  interest  shall  be  allowed  to  accumulate  until 
one  is  presented.  Memoirs  published  by  this  fund  shall  be  so 
designated.  For  the  committee, 

N.  L.  Britton, 
Secretary  and   Treasurer, 

TRANgAcnoNB  N.  Y.  Acad.  Sci.  Vol.  XV.,  Slg.  6,  ApriJ  3, 1896. 
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Stated  Meeting. 

December  9th,  1895. 

The  Academy  met,  with  Prof.  Britton  in  the  chair.  There 
was  an  attendance  of  about  thirty  (30). 

In  the  absence  of  regular  business,  the  Biological  Section  at 
once  organized.  Prof.  William  Stratford  becoming  Temporary 
Chairman. 

On  motion  of  Prof.  Stratford,  a  report  of  the  Huxley^  Me- 
morial Committee  was  deferred  until  the  following  meeting. 

The  nominating  committee  then  reported  the  names  of  Profs. 
J.  G.  Curtis  and  C.  L.  Bristol  as  candidates  for  the  Sectional 
Chairmanship  and  Secretaryship,  and  a  motion  empowering  the 
Secretary  to  cast  the  vote  electing  them  was  carried. 

Prof.  C.  L.  Bristol  presented  a  paper  on  *'  The  Classification 
of  Nephelis  in  the  United  States."  He  first  referred  to  the 
various  systematic  reviews  of  the  genus,  and  then  showed  from 
an  examination  of  a  great  range  of  specimens  from  New  England 
to  Dakota  that  coloration  could  in  no  way  be  depended  upon 
for  the  determination  of  species,  and  that  a  careful  examination 
of  his  material,  based  upon  a  study  of  metameral  characters, 
rendered  it  exceedingly  probable  that  no  more  than  a  single 
species  is  represented  in  this  country. 

Prof.  Henry  F.  Osborn,  deferring  his  paper  on  the  "  New  and 
Little  Known  Perissodactyla  of  the  Lower  Miocene  Lake  Basin, 
South  Dakota,"  referred  briefly  to  the  work  of  the  American 
Museum  in  preparing  for  the  exhibition  of  skeletons  of  the 
Titanotheres^  and  exhibited  a  number  of  drawings  and  a  lantern 
«lide  showing  the  entire  skeleton  of  Titanotherium  robustum. 
This  is  remarkable  in  possessing  but  twenty  dorso-lumbar  verte- 
brae, a  number  identical  with  that  typical  of  the  Artiodactyla, 
but  entirely  unique  among  Periesodactj'la.  It  now  appears 
probable  that  the  development  of  horns  in  the  Titanotheres  was 
s.  purely  sexual  character,  and  that  the  genera  Titanops,  Marsh, 
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and  Brontops,  Marsh,  are  founded  respectively  upon  male  and 
female  individuals  of  the  Titanotherium  robustum. 

Dr.  J.  L.  WoRTMAN  then  reported  on  the  "  Expedition  of  1895 
of  the  American  Museum  of  Natural  History,"  illustrating  his 
paper  by  many  lantern  slides.  The  expedition  passed  into  the 
Uinta  Beds  of  northeastern  Utah,  then  between  the  eastern 
escarpment  of  the  Uinta  range  and  the  Green  River,  into  the 
Washakie  Beds  of  southwest  Wyoming.  The  most  important 
result  geok>gtcall3'^  was  the  disco verj'^  that  the  Brown's  Park 
deposit  is  of  a  much  later  age  than  the  Uinta. 

Bashford  Dean, 
Secretary  of  Section, 

ADAPTATION  OF  THE  SHELL  OF  CREPIDULA  FOR- 
NICATA  TO  THE  SHELL  OF  PECTEN  JACOB.EUS. 

By  Arnold  Graf,  Ph.  D. 
(Read  before  the  Academy  of  Sciences  of  New  York,  Nov.  11,  1895.) 

During  August,  1895,  Mr.  Frank  Walmsley,preparator,  showed 
me  a  shell  which  he  had  collected,  and  he  was  friendly  enough 
to  permit  me  to  take  a  careful  sketch  of  it,  in  order  to  write 
a  paper  about  it.  The  shell  was  found  at  Wood's  Holl,  Mass., 
where  I  happened  to  be  at  the  time.  I  express  my  best  thanks 
to  Mr.  F.  Walmsley,  for  his  kindness  in  granting  me  the 
privilege. 

The  shell  in  question  is  a  scallop-shell,  on  which  a  specimen  of 
Crepidula  fomicata  is  attached.  Crepidula  is  often  found 
clinging  to  Limulus^  lobsters,  scallops  and  many  different  shell- 
fish. As  a  rule  Cr^pie^uZa  presents  an  entirely  smooth  surface, 
on  which  only  the  concentric  growth-lines  are  conspicuous. 

In  the  present  case,  however,  the  Crepidula  shell  shows 
marked  grooves  and  ridges  on  its  surface,  which  run  in  right 
angles  to  the  growth-lines.  This  is  clearly  an  adaptation  to  the 
well-known  ridges  in  the  surface  of  the  scallop. 

The  case  must  be  a  rare  one,  as  in  order  to  get  such  long 
ridges  we  must  assume  that  the  animal  clung  to  the  scallop 
when  it  was  quite  young,  and  did  not  move  away  during  its 
whole  life. 

The  mechanical  cause  of  the  ridges  in  the  shell  is  very  appar- 
ent. The  edge  of  the  soft  '^mantel  "was  pressed  unto  the  surface 
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of  the  pecten-shell  and  followed  closely  every  groove  and  ridge 
of  the  latter.  As  the  lime-salts,  which  constitute  the  shell-sub- 
stance, were  secreted  along  the  edge  of  the  "  mantel  "they  must 
have  been  consolidated  in  the  form  of  the  mantel  plications. 


In  the  figure  I  have  drawn  the  pecten-shell  with  the  Crept- 
dula  in  its  natural  position  and  in  natural  size.  The  ridges  of 
one-half  of  the  scallop-shell  are  numbered  from  1  to  9. 

The  grooves  of  the  pecten-shell  are  drawn  black,  and  the 
grooves  of  the  Crepidula  are  cross-striped. 

We  see  that  the  four  entire  grooves,  respectively,  ridges  of 
Crepidula  coincide  in  their  proximal  and  distal  points. 

The  first  ridge  to  the  right  (a)  starts  at  ridge  7  of  the  scallop- 
shell  and  ends  at  the  same  ridge.  Ridge  b  starts  at  ridge  6  and 
ends  at  same,  and  so  forth. 

Ridge  d  is  not  quite  complete,  and  from  this  point  towards 
the  le^  side  we  find  no  more  ridges  in  the  Crepidula-shell.  I 
cannot  give  any  explanation  for  this  fact. 

It  strikes  us  that  the  vertical  projection  of  the  ridges  in 
Crepidula  consists  not  in  straight  lines,  but  in  curved  ones.  It 
seems  as  if  the  furrows  of  Crepidula  would  cross  over  the  ridges 
of  pecten.     Yet  this  is  not  the  case. 

As  the  first  explanatory  point  I  have  to  mention,  that  the  shell 
of  Crepidula  is  intensely  curved,  whereas  the  pecten-shell  is 
nearly  fiat  in  comparison. 
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This  curvature  of  the  shell  of  Crepidula  is  an  unsymmetric 
one.  The  radius  of  the  curve  is  very  much  shorter  on  the  right 
side  than  on  the  left. 

Secondly,  the  direction  of  the  growth  is  a  different  one  in  the 
two  shells.  In  Pecten  the  shell  grows  along  a  straight  line  from 
A  to  B,  whereas  in  Crepidula  the  shell  grows  in  a  curved  line 
(the  beginning  of  a  spiral;  from  a  to  3. 

Those  two  facts  (the  asymmetry  and  the  spiral  growth)  explain 
why  the  ridges  on  the  surface  must  be  curved  very  slightly. 

I  report  this  case  at  some  length  because  it  seems  to  me  that 
this  may  give  us  some  light  as  to  how  a  new  species  may  be 
created. 

In  Crepidula  we  see  a  form  that  begins  to  adapt  itself  to  an 
ectoparasitic  mode  of  life.  It  is  no  parasite  yet,  but  clings  to 
the  surface  of  other  animals,  and  thus  profits  by  the  small  par- 
ticles of  food  that  are  wasted  by  the  latter. 

Crepidula  still  has  a  certain  power  of  motion,  which  it  will 
entirely  lose  with  time. 

It  is  evident  that  it  will  be  favorable  to  the  species  if  the 
individuals  cling  to  those  animals  that  have  a  rapid  motion,  as 
they  will  in  consequence  be  carried  through  the  water  and  be  in 
contact  with  a  continually  changing  medium,  fresh  oxygen,  etc. 

We  know  that  Pecten  is  a  lamellibranchiate  mollusc  endowed 
with  a  strong  power  of  motion. 

Whoever  has  watched  scores  of  scallops  dancing  in  the  water 
will  remember  it  as  an  exceedingly  pretty  sight.  The  mollusc 
moves  by  rapidly  opening  and  closing  its  valves,  pushing  out 
water  with  great  vehemence,  and  thus  progressing  in  backward 
jumps.  As  the  water  is  pushed  out  with  more  strength  on  one 
side  of  the  animal  than  on  the  other,  a  motion  results  which  is 
only  comparable  to  a  sort  of  waltz.  This  motion  is  very  quick 
and  kept  on  for  a  very  long  time. 

It  is  clear  that  it  will  be  of  more  use  to  Crepidula  to  be 
attached  to  a  quickly  moving  Pecten  than  to  a  slowly  creeping 
lobster,  or  an  immobile  oyster.  Thus  we  might  expect  that  by 
natural  selection  those  individuals  that  are  attached  to  Pecten 
would  have  more  chances  to  survive.  As  bye  and  bye  the  power 
of  motion  will  be  lost  for  Crepidula,  the  surface  of  the  animal, 
which  is  attached  to  Pecten  will  present  ridges,  and  thus  we  may 
in  time  obtain  a  ridged  Crepidula  instead  of  a  smooth  one. 

Everybody  will  agree  that  regular  ridges  on  the  surface  of  a 
shell  constitute  an  important  species  character,  and  out  of  these 
facts  we  may  conclude  that  we  shall  get  a  new  species  in  the 
ridged  Crepidula, 

Depabtment  of  Bioloot, 

Columbia  College,  New  York. 
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Stated  Meeting. 
December  1 6th,  1895. 

The  Academy  met  with  Vice-President  Stevenbon  in  the 
chair;  about  twenty-five  (25)  persons  present. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Secretary  read  a  petition  signed  by  Nicholas  Murray  But- 
ler, E.  D.  Perry,  A.  V.  Williams  Jackson,  J.  R.  Wheeler,  Thomas 
R.  Price,  William  H.  Carpenter,  Henry  Alfred  Todd  and  H.  T. 
Peck,  expressing  their  willingness  and  desire  to  be  elected  to 
membership  in  the  Academy,  with  a  view  to  forming  a  Section 
to  deal  primarily  with  scientific  investigations  in  the  fields  of 
philosophy  and  philolog3\  The  petition  was  referred  to  the 
Council,  with  the  understanding  that  it  involved  the  nomination 
of  the  signers  to  resident  membership  in  the  Academy,  under 
the  conditions  stated.  The  petition  was  accompanied  by  a  letter 
from  the  President  of  the  Academy,  endorsing  it. 

The  Section  of  Geology  and  Mineralogy  then  organized.' 

The  first  paper  was  by  H.  P.  Cushing,  '*  Notes  on  the  Areal 
Geology  of  Glacier  Bay,  Alaska."  In  the  absence  of  the  author 
it  was  read  by  the  Secretary.  The  paper  is  printed  on  an  earlier 
page  of  this  volume,  having  been  read  while  in  press.  It  was 
discussed  by  J.  J.  Stevenson,  who  alluded  to  his  own  observa- 
tions in  the  same  region. 

The  second  paper  was  by  Heinrich  Ries,  "The  Geology  of 
Orange  county.  New  York."  Mr.  Ries  described  the  results  of 
his  field  work,  performed  under  the  direction  of  the  State  Geolo- 
gist, Prof.  James  Hall,  the  preceding  summer.  His  remarks 
were  illustrated  by  numerous  lantern  slides.  The  paper  was 
discussed  by  the  Secretary. 

The  third  paper  of  the  evening  was  by  T.  G.  White,  on  "  The 
Faunas  of  the  Upper  Ordovician  Sti-ata  at  Trenton  Falls,  New 
York."    The  paper  is  printed  below. 

The  last  paper  that  had  been  announced  for  the  evening,  by 
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J.  F.  Kemp  and  T.  G.  White,  entitled  "  Additional  Notes  on  the 
Trap  Dikes  in  the  Lake  Ghamplain  Region,"  on  account  of  the 
lateness  of  the  hour  was  postponed  till  the  next  meeting. 

The  Academy  then  adjourned.  J.  F.  Kemp, 

Secretary. 

THE  FAUNAS  OF  THE  UPPER  ORDOVICIAN  STRATA 
AT  TRENTON  FALLS.  ONEIDA  CO.,  N.  Y.* 

By  Theodore  G.  White,  Ph.  B.,  A.  M. 

Read  December  16th,  1895. 
Plates  II-V. 
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Although  the  original  locality  from  which  the  Trenton  forma- 
tion derives  its  name  has  been  so  frequently  referred  to  in 
the  literature  of  that  series  of  strata,  the  writer  was  unable  to 
find  a  detailed  tabulation  of  the  stratigraphy  or  local  geological 
boundaries  of  the  type  section,  which  might  be  employed  as  a 
basis  of  comparison  for  similar  stratigraphic  work,  now  in 
progress,  upon  the  Trenton  and  adjacent  terranes  in  the  Lake 
Ghamplain  valley. 

The  first  mention  of  the  Trenton  Falls  locality  in  the  reports 
of  the  New  York  State  Geological  Survey  is  that  by  T.  A.  Con- 
rad in  1837,  in  his  report  upon  the  **  Third  District,"  page 
163,  under  the  heading  "  The  foetid  limestone  and  shales  of 
Trenton  Falls."  These,  he  informs  us,  consist  of  "  dark  blue 
limestones  and  shales,  the  whole  mass  probably  about  four  hun- 
dred feet  in  thickness,  composing  the  summits  of  most  of  the 
slopes  which  descend  to  the  valley  of  the  Mohawk,  in  Herkimer 

*  Prepared  in  connection  with  a  doctorate  thesis  upon  the  Trenton  Formation  in 
the  Lake  Ghamplain  valley,  soon  to  be  submitted  to  the  faculty  of  Columbia  Univer- 
■Ity. 
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and  part  of  Montgomery  counties.  The  rock  is  here  chiefly  a 
fissile  slate,  but  as  it  passes  to  the  north  it  assumes,  as  at  Tren- 
ton  Palls,  the  character  of  a  dark  blue,  very  hard  foetid  lime- 
stone, crowded  with  organic  exuviee,  chiefly  bivalve  shells  and 
fragments  of  trilobites.  The  rock  has  here  been  cut  through 
by  a  branch  of  West  Canada  Creek,  which  thus,  in  a  suc- 
cession of  beautiful  cascades,  leaps  through  a  deep  gorge 
through  perpendicular  black  walls.*  *  *  North  of  Trenton  Falls 
there  is  a  capping  of  gray  crinoidal  limestone,  but  we  are  as  yet 
ignorant  of  its  precise  character  and  limits."  In  the  reports  of 
several  succeeding  years  by  the  various  survey  geologists  the 
limestone  of  Trenton  Falls  is  alluded  to,  and  in  1838  Con- 
rad enumerated  a  few  of  the  fossils  from  there  in  hfe  "  Sixth 
group."*  Eaton  in  1830  applied  the  name  ^shelly  metalliferous 
limerock,"t  and  the  formation  was  "  No  2  "  of  the  Pennsylvania 
Survey.  The  term  Trenton  Limestone  was  first  applied  by 
Yanuxem  in  1838,|  and  a  few  of  its  characteristic  fossils  men- 
tioned, but  the  type  section  was  not  deflned  so  as  to  establish  it 
until  his  report  on  the  Third  District  appeared  in  1842.§ 

He  says.  **  At  Trenton  Palls,  there  are  two  distinct  varieties : 
The  first  is  a  dark  or  black  colored  fine-grained  limestone  in 
thin  layers,  separated  by  black  shale  or  slate,  and  which  forms 
the  great  mass  through  which  the  creek  has  worn  its  channel 
and  in  which  are  all  the  falls.  The  second  is  a  gray  coarse- 
grained limestone  in  thick  layers,  which  forms  the  top  of  the 
mass.  Fossils  are  extremely  numerous  in  the  dark  colored  part, 
but  are  less  numerous  in  the  upper  or  gray  part :  this  latter  kind 
is  quite  cr3-stalline."  Seventeen  typical  fossils  are  then  de- 
scribed or  figured. 

The  type  section  of  the  Trenton,  as  thus  defined,  then  extends 
from  the  bridge  just  below  the  milldam  at  Trenton  Falls  village 
to  the  bridge  at  Prospect,  about  two  and  a  quarter  miles  along 
the  gorge  of  West  Canada  creek,  more  fittingly  known  by  the 
original  Indian  name  ^'  Kauya  Hoora  "  (Laughing  waters).  In 
the  course  of  this  two  and  one  quarter  miles  the  river  makes  a 
total  fall  of  over  three  hundred  and  twelve  feet.  The  dip  of 
the  strata  is  in  the  direction  of  the  current,  and  although  locally 
variable,  averages  less  than  10^,  so  that  the  path  along  the  can- 
yon ascending  with  the  dip  rises  at  about  the  same  rate  as  the 
creek  level,  except  at  the  falls.  Hence  the  thickness  of  the  beds 
traversed  is  greater  than  it  at  first  seems  to  be. 

•  Second  Annual  Rept.  N.  Y.  State  Geol.  Survey,  p.  115. 
t  Geological  Text-book,  p.  38. 

I  Second  Annual  Rept.  on  4th  Geol.  Dlst.  of  N.  Y.,  pp.  27.V276. 
g  Geology  of  New  York,  Part  3,  pp.  4.V56. 
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The  method  of  procedure  was  to  start  with  the  geologically 
lowest  layer  in  each  section,  measure,  and,  collecting  a  quantity 
of  representative  material  from  each  successive  distinct  layer, 
assign  to  each  a  consecutive  number,  as  described  in  the  case  of 
similar  work  by  the  writer  last  summer  on  Lake  Champlain.'*' 

The  field  numbers  have  been  retained  in  the  left-hand  margin 
of  the  sections  described  in  the  present  paper,  although  in  some 
cases  several  layers  distinguished  in  the  field  have  been  com- 
bined, as  will  be  seen,  where  subsequent  laboratory  study  failed 
to  detect  sufldcient  distinction  between  them  to  warrant  their 
separation. 

•  Trims.  N.  Y.  Acad.  Scl.  XV.,  19  (1895). 
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The  lowest  beds  of  the  type  section  are  seen  just  below  the 
milldam  at  Trenton  Falls  village.  In  general  the  lower  portion 
of  the  formation  is  most  shaly  and  is  inclined  to  be  nodular,  but 
the  limestone  increases  in  purity  and  becomes  crystalline  in 
the  higher  layers.  With  the  exception  of  the  gray  crystalline 
heavy  beds  in  the  upper  part  of  the  mass,  the  layers  rarely  ex- 
ceed one  foot  in  thickness  and  are  usually  two  to  six  inches 
thick,  separated  by  more  shaly  layers.  As  these  thin  layers 
vary  in  hardness  they  weather  at  different  rates,  affording  indi- 
vidual prominence.  There  are,  however,  several  conspicuous 
seams  of  hard,  dense,  blue-black  limestone,  several  feet  thick, 
which  continue  very  constant  and  therefore  form  excellent  da- 
tum levels  for  measuring  up  the  section. 

The  walls  rise  a  hundred  feet  or  more  high,  throughout  the 
length  of  the  gorge ;  and  in  spite  of  local  variations  of  dip,  the 
conspicuous  seams  may  be  traced  uninterruptedly  along  the 
cliffs.  One  such  seam  is  used  for  reference  in  locating  the  thin- 
ner layers  until  it  is  cut  off  by  one  of  the  water  falls,  when  we 
may  ascend  to  a  higher  level  above  the  fall  and  there  take  bear- 
ings by  an  overlying  heavy  bed.  These  occasional  heavy  beds 
of  pure  limestone  furnish  the  most  perfectly  preserved  speci- 
mens of  Asaphus  platycephalusj  for  which  the  Trenton  Falls 
locality  is  noted.  Local  collectors  inform  me  that  the  entire 
specimens  are  usually  found  lying  in  the  rock  with  ventral  sur- 
face uppermost. 

These  conspicuous  datum  layers  are  shown  in  the  accompany- 
ing photographs :  Plate  II,  showing  the  heavy  bands  in  Sher- 
man Fall ;  Plate  IV,  figure  A,  a  nearer  view  of  one  of  the  blue- 
black  seams  (D  11)  just  above  the  same  fall. 

Measured  in  this  way  the  following  results  were  obtained, 
here  presented  in  the  order  in  which  they  were  observed,  namel}', 
from  below  upward.* 

The  specific  faunal  determinations  are  based  on  a  rapid  study 
and  may  need  revision  with  more  detailed  work.  They  are, 
however,  suflSciently  correct  for  their  intended  purpose  of  es- 
tablishing the  general  character  of  the  faunae  of  the  various 
zones. 

I.  Trenton  Falls  Section — ISOC-fD. 

Trenton  Falls  village  bridge  to  Prospect  bridge  along  Kauya 
Hoora  gorge. 

*  Note— The  order  of  names  in  the  faunal  lists  represents  approximatelv  the  abun- 
dance of  the  various  species,  the  most  abundant  being  placed  first,  and  if  especially 
numerous  designated  a  (abundant),  c  (common),  or  conversely  r  (rare),  etc. 

The  measurements  in  the  right-hana  margin  show  the  height  of  the  top  of  the  layer 
above  the  base  of  the  section.  The  thickness  of  any  layer  may  then  be  readily  seen  by 
subtraction. 
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Section  C  *.  Series  of  broad,  nearly  horizontal  layers,  on  the 
east  bank  of  the  creek,  from  beneath  Trenton  Falls  village 
bridge  to  the  first  curve  of  the  creek  in  the  rapids  above  the 
milldam. 

la  —  g.  Black  compact  limestone,  nodular  and  espe- 
cially crinoidal  at  base,  purer  at  top,  with  intercalated 
shaly  layers  and  with  a  few  light-colored  len tides.  10'    6^' 

Crinoid  fragments  a  a.  Endoceras, 

Orthis  ieatudifuiria  a  a.  Baflneaquina  altemaia, 

Orthoeenu  large*  o.  Pledambonitea  sericea, 

Asaphua  pUUffcephalua  o.  Bellerophon  bUobatua. 

Oalymene  aenaria  o.  Foraminifeia. 

H'oaapara  lycoperdon. 

2.  Light  gray,  fine  grained  sandy  layer,  composed 
of  comminuted  fragments.  Breaks  readily  and  in  even 
layers.  10'    9" 

OrtMa  tesludinaria  a  a.  Zygospira  reeurvirostra, 

Baftneaquina  aUemaia  a.  HyolUhea, 

3  a  —  d.  Encrinal  shaly  layers  at  the  milldam  inter- 
bedded  with  more  compact  fossiliferous  layers.   About  3 

feet  are  covered  by  the  dam.  17'    5" 

Crinoid  stems  a  a  a.  OrtJutceraa*  a. 

Aat^hua  pkUyeephalua  a.  Orthia  tealudinaria  c. 

4  a  —  d.  Hard  compact,  barren  layers,  alternating  with 
more  impure  nodular  portions  or  crystalline  lenticles. 
Fossils  in  lenticles  only.  19'  10" 

Dalmandla  teatudinaria  a  a  a.  Tremaiia  terminalia, 

FUcUnihia  eBquivalvia  a  a.  Sehizocrania  filoaaf  or  a 

Aaaphua  pleUycephalua  c.  new  species. 

Crinoid  fragments  a  a.  Calymene  aenaria  r. 

Chmphoeeraa,  FlectamboniUa  aericea  r. 

5.  Shaly  at  top,  impure,  nodular,  in  part  compact 
partly  crystalline  and  partly  shaly ;  lenticular.  21'    3" 

Crinoid  fragmentB  a  a  a.  Stictopora. 

Praaopora  lycoperdon  ( large  celled )  a  a.  LingiUa. 

Orthoeeras  a  a.  Pledambonitea  aericea, 

Zygospira  recurviroatra  a  a.  Ambonychia  belliatriata  f 

Aaaphua  piatycephalua  c.  Ptilodictya  r. 

IkUmaneUa  teatudinaria  o.  Calymene  aenaria  r. 


*  This  is  probablv  the  form  mentioned  by  Vanuxem  in  his  1842  report  (page  47)  from 
these  layers,  to  which  he  assigns  the  name  of  Orthoeeras  striatum.  Our  specimens 
are  too  fragmentary  for  determination. 
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6.  IJnfossiliferous,  rather  sandy  limestone,  weather- 
ing yellowish-red,  in  layers  1  to  5  inches  thick ;  with 
lighter  gray,  fossiliferous  encrinal,  crystalline  lenticles, 
and  black  compact  nodular  masses  which  show  especially 
on  the  weathered  surface.  36'    3" 

Crinoid  fragmentB  a  a  a.  Zygospira  reeurvirostra  o. 

Orthia  testudinaria  a  a.  Tremaiis  terminalia  o. 


sequivafvia  a.  n. 

biforata  a.  Sehizocrania  JUoaa, 


Aaaphus  plcUycephalua  a.  Praaopora  lycoperdon, 

Rafineaquina  d^taidea  a.  Orthoceras. 

Calymene  aenaria  c. 

It  is  impossible  to  follow  the  eastern  shore  further  in  con- 
tinuation of  this  section,  as  the  banks  become  too  steep ;  but 
crossing  to  the  western  bank  and  descending  by  the  stairs  lead- 
ing down  from  the  hotel  the  following  section  is  traced. 

Section  D :  1.  At  water  level  below  the  foot  of  the  ho- 
tel stairs,  layers,  2  to  8  inches  thick.  Dip  3°  S.  Soft, 
black,  shaly  ;  slightly  crystalline  in  portions.  Fossils 
chiefly  fragmentary.  9' 

Aaaphus  plaiyeephalus  large,  a.  Orthoceras, 

Criuoid  fragments  a.  Orthia  testudinaria. 

Calymene  aenaria.  Belleraphon  lUobatas, 

Baflnesquina  altemata  o.  Trematia  terminalis. 

2.  Compact,  nearly  barren  layers,  with  onlj'  a  few 
specimens  of  Orthoceras,  10'    8" 

3.  Fine  grained  heavy  black  limestone,  with  conchoi- 

dal  fracture,  and  few  more  or  less  perfect  fossils.  11'    6" 

Crinoidal  columns.  Baflnesquina  altemeUa, 

Trinucleus  concentricm.  Orihia  teatudinaria, 

Calymene  aenaria,  Foraminifera. 

Bdlerophon  bUobatua,  Nucula  levata  r. 

i.  At  landing  step  of  stairs  leading  down  from  the 
hotel.  Dip  3°.  Heavy  bed  of  very  compact  nearly 
black  limestone  with  irregular  or  conchoidal  fracture, 
in  layers  3  to  10  inches  thick,  irregular  and  nodular  on 
the  surfaces.    Frequent  well  preserved  fossils.  18'    6" 

Plectambonitea  aericea  c.  Oyroceraa, 
Baflneaquina  altemata  and  some  of  its      Murchiaonia  ffraeilia, 

peonliar  forms  with  fine  striie.  Tdlinamya  dubia. 

Aaaphua  platycephalua  laige  c.  Nxicula  levata, 

Calymene  aenaria  c.  LinffiUa  large  sp. 

Orthia  teatudinaria  c.  Bellerophon  bilobatua. 

aubsequata.  Crinoidal  columns. 

aequivalvia. 

^Description  of  this  species  Is  deferred  until  it  can  be  included  witli  other  new  spe- 
cies in  the  monograph  on  the  Lake  Cham  plain  Trenton  referred  to  at  the  beginning  of 
this  paper.    The  specific  name  T.  TrerUonensU  will  be  adopted  for  it. 
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5.  Shaly  layers,  with  no  distinguishable  fossils ;  not 
constant.  20'    6" 

6.  Dark  gray,  fine  grained  limestone  in  layers  3  to 
10  inches  thick,  with  shaly  partings,  readily  <3leavable 
in  horizontal  layers.     The  various  thin  layers  weather 

at  different  rates.    Well  preserved  fossils.  26'  6" 

Aaaphus  pUU^feephalua  laige.  CkUymene  aenaria. 

THnudeus  cancentricua  Dalmanella  testudinaria. 

Ceraurits  pleurexanthemua,  LingtUa — fragments. 

7.  Heavy,  dark  colored,  nearly  barren  limestone. 

The  broad  seam  seen  in  Sherman  Fall.  34'    6" 

8.  Finely  crystalline,  dark  gray,  very  pure  limestone 
splitting  readily  into  regular  layers.  Contains  many 
comminuted  and  water  worn  fragments.  3t' 

Orthia  (DalmaneUa)  teatvdinaria,  Monticulipara  sp.  undet. 

Bucania  pundifrona.  Hyolithea. 

Bqfineaguina  aliemata,  Ftilodictya. 

Lingula  riciniformia,  CaJymene  aenaria. 

Trinucletta  conceniricua. 

9.  Layers  forming  the  top  of  Sherman  Fall.  Gray, 
pure,  somewhat  crystalline  limestone  densely  packed 
with  Orthis  (^Dalmanella)  testudinaria ;  the  lenticles 
separated  by  thin,  shaly  partings.  41'    6" 

Praaopora  lycoperdon  large  oelled  c.  Bafineaquina  altemaia, 

small  celled  c.  Calymene  aenaria  r. 

FUdambonitea  aericea  o.  Aaaphua  platycephalua  r. 

Zygoapira  recurviroatra.  LingtUa  riciniformia. 
Nucula  levala. 

10.  Impure,  soft  black  limestone,  with  light  colored 
gray  crystalline  fossiliferous  lenticles  and  thin  crinoidal 

shaly  partings.  46'    6" 

Crinoid  stems  a  a.  Praaopora  lycoperdon. 
Zygoapira  recurviroatra  a  a.  Monticuipora  sp.  undet. 
liectambonitea  aericea  a.  Bafineaquina  alternata. 
Orthia  (Dalmanella)  teaiudinaria  a.  Calymene  aenariai 
Bafineaquina  ddioidea  a.  Tremaiia  terminalia. 
Aaaphua  platycephalua  c.  Endoceraa. 
Orthoeeraa  Uu^e  c.  laachUina  small  sp. 
Orihia  (Platy atrophia)  biforaia.  BeUerophon  bUobatua. 
( Plectorthia )  sequivalvia  Ceraurua  pleurexanthemua. 

11.  First  constant  heavy ''  blue  black  "  layer,  the  bot- 
tom following  the  level  of  the  path  above  the  falls.  49'    2" 

Very  pure,  hard  and  barren  except  for  handsome 
specimens  of: — 

Calymene  aenaria.  Aaaphua  platycephalua. 
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12-13.  Forming  the  cliff  of  High  Fall,  the  bottom 
being  the  base  of  the  fall.  Shaly  at  top,  impure,  and 
below  becoming  nodular  with  dark  gray  compact,  bar- 
ren concretions  and  finely  crystalline  portions,  with 
shaly  partings.  The  barren  portions  have  a  conchoidal 
fracture.  The  rock  weathers  into  layers  two  to  six 
inches  thick.  The  fossils  are  seldom  complete,  but 
fragments  are  abundant.     Resembles  a  cement  rock.       139'    2^' 

Shaly  portion :  — 

Prasopora  lyeoperdon,  Orthoeeras, 

Zygospira  recurvirostra.  Bafine^pUna  luuuid. 

Orihia  (Dalmanella)  testudinaria 

Crystalline  portion :  — 

Praaopora  lycoperdon,  fine  celled  Bellerophon  bUobaiua. 

form,  a.  DuUmaneUa  testudinaria. 

Diplograpiua  amptexicaule  o.  Platyatrophia  biforata, 

Conularia  TrerUonengia,  Ceraurus  pleurexanihemus. 

Bryozoan  (see  also  B  14).  Dalmanites  callieephalua, 

Ambonychia  bdUstritAa  Calymene  senaria. 

Trematis  terminalis  c.  Orthoceras. 

miUepunctala.  Pleetambonites  sericea, 

small  species.  M<moprion  sp. 

ZAngula,  Raflneaquina  altemata. 

Atrypa  d^flecta  ?  Ptilodiciya,  fine  species. 

NuciUa  levaia,  Trilobite,  s.  nov. 

Aaaphua  pUUyeephalua  r. 

14.  Second  "  Blue-black  "  constant  layer,  rather  soft, 
but  compact,  with  abundant  Calymene  senaria,  also 
Asaphus  platycephalus.  141'    5" 

15.  Alternating  shaly  with  recurrent  thinner  compact 
blue-black  limestone  bands,  extending  to  the  top  of  the 

chief  fall,  of  High  Fall.  201'    4" 

16.  Shaly,  easily  decomposed  limestone,  showing 
crushing ;  first  found  at  top  of  the  third  fall ;  fucoidal 
markings  indicated  on  the  surface,  otherwise  barren, 
except  for  a  few  Orthis  testudinaria.  215'    4" 

It.  Crinoidal  shaly  layers,  without  other  fossils.         218'    4" 

18.  Layer  of  light  gra}^  pure,  compactly  crystalline 
limestone,  weathering  yellow,  first  appearing  40  feet 
north  of  the  railroad  bridge,  south  of  which  it  pinches 
out  and  is  not  shown  at  the  falls.  It  contains  no  fos- 
sils except  an  occasional  Orthis  testudinaria.  224'    4" 

19.  Crinoidal  shaly  limestone, a  recurrence  of  It,  at  a 
point  too  feet  north  of  the  railroad  bridge,  becoming  a 
friable,  sandy,  crystalline  limestone,  similar  to  18  at 
top.  227' 
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Contains  only  finely  comminuted  fragments  of : — 

A  Mphus  pUUycepluUus.  Flec(4frihi8  aquivalvis. 

Saflnesguina  nUtemata, 

20.  Gray  agglomeration  of  Orthis  testudinaria^  with 
black  nodules,  but  no  other  fossils  229^ 

21.  Zone  of  Rafinesquina  deltoidea.  Gray  finel}' 
crystalline  limestone  with  mostly  regular  cleavage,  but 
impure  and  slightly  nodular  in  portions,  with  shaly 
partings,  containing  numerous  well  preserved  fossils, 
notably  B.  deltoidea.  Occurs  at  top  of  Mill  JDam  (4th) 
Fall.  235' 

Saflneaquina  deltoidea  a  a  a.  AaapkuAplatyecphalus. 

Orthia  (Platystrophia)  biforata  c.  Ceraurus  pleurexanthemua, 

{Dalnumdla)  testudinaria  c.  Crania  Trentonenris, 

Zygwfpira  recurviraatra.  Lingulu, 
Crmoid  oolmnns. 

22.  Recurrent  shaly  layers  interbedded  with  hard, 
compact  to  crystalline,  blue-black  layers,  2  to  10  inches 
thick,  mostly  impure  and  readily  weathering.  Several 
conspicuous  seams  at  top.  Divided  by  a  seam  in  the 
middle  into  two  distinct  sets  of  beds.  Forms  the 
whole  cliff  beneath  the  gray  beds  to  the  top  of  Mill  Dam 
Fall.  Approximately         305' 

RafiiMsguina  deltoidea  a  a.  Platisirophia  biforata. 
attemata  a.  Calymene  aenaria. 

23.  "  Trenton  Gray  Limestone,"  quarried  in  the 
Prospect  Quarries  on  both  banks  of  the  creek  at  the  top 
of  the  gorge,  and  shown  at  the  top  of  the  cliff  down  the 
gorge  to  the  railroad  bridge,  as  illustrated  in  Plate  V. 
Heavy  bedded,  light-gra}-^  coarsely  crystalline  encrinal 
limestone,  very  pure  and  composed  of  comminuted 
fragments  in  which  few  species  can  be  recognized ,1 
with  even  shaly  partings.  325' 

*  In  the  neighboring  fields  the  upper  surfiice  of  these  beds  is  seen  to  weather  darker, 
and  duller  hn^  and  haabeea.  dissolved  into  deep  crevasses.  The  stone  from  F.  T. 
Thomas'  quarry,  which  is  considerably  used  for  building  contains  CaCo,  94.82  per  cent, 
and  Mg  CO,  1.66  per  cent  (J.  C.  Smock,  Bull.  N.  Y.  State  Museum  II.,  216, 1890.)  Van- 
uxem  says  that  this  "gray  limestone  commences  at  Nine  Mile  Creek,  below  Stlttvllle, 
and  extends  north  to  near  Boonville,"  and  is  so  fissured  at  Holland  Patent  that  Cincin- 
nati Creek  becomes  lost  in  it.  (Second  An.  Report  on  Third  District,  18S8,  p.  276.)  And 
again,  in  his  1842  report  already  cited,  p.  51 :  '*  Where  the  road  which  leads  to  Prospect 
leaves  the  one  from  Trenton  Village  to  Boonville,  the  water  of  Cincinnati  Creek,  above 
the  bridge,  is  seen  entering  the  creek.  Higher  up,  the  whole  stream  is  deserted,  pre- 
senting a  rock  surface,  under  which,  and  by  Joints  of  the  rock,  the  water  courses  by  its 
subterranean  route  to  where  it  reappears  near  the  bridge."  The  fossil  fragments,  et- 
specially  bryosoa,  weather  out  on  the  surface  in  the  fields  near  Prospect.  The  lower 
layers  are  somewhat  lighter  gray. 

fThe  beds  ot  gray  crystalline  limestone  with  their  thin  shaly  partings  closely  re- 
semble the  Trenton  as  it  occurs  at  the  Mile  End  Quarries,  near  Montreal,  Canada.  The 
latter  contains  similar  fossilB,  but  is  slightly  bituminous. 
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Heavy  crystalline  beds : — 

Orthis  (Platygtrophia)  bifaraia.  Monticulipora  sp. 
(DalmaneUa)  testudinaria,            Strophomena  sp. 

Shaly  partings : — 

Crinoids  a  a  a.  Lingula  ( Ghasina )  riciniformis, 

Acidaspia  TVenionensia  &  A.  larger  form,  also  many  frag- 

Orthis  (Platystrophid)  biforata  a.  ments. 

Monticulipora  sp.  a.  Ptilodictya  sp. 

Praaopora  lycoperdon^  large  celled  c.       Orthis  (Plectortkis)  spquivcUvis 

small  celled  o.  suhsequata, 

Baflnesquina  deUoidea  c.  Plectambonitea  serieea^  small  form. 

Calymene  senaria  c.  large  ventricose  form. 

Bryozoa.  Stropkomena  planumboTUi, 

This  total  of  325  feet  for  the  type  section  compares  favorably 
with  Walcott's  measurements  at  Utica,*  twenty  miles  distant, 
where  he  obtained  a  thickness  of  350  feet,  including  the  Tren- 
ton, Black  River  and  Utica.  Yanuxemf  estimated  the  thickness 
at  Trenton  Falls  at  "  upwards  of  100  feet"  only,  while  DartonJ 
states  that  ^^  there  appears  to  be  a  thickness  of  120  feet."  He  sa3's, 
however,  that  he  made  no  careful  measurement  and  that,  ^'  owing 
to  the  dip  of  the  beds  down  stream  and  the  variability  of  the 
rate  of  dip,  the  total  amount  of  fall  is  not  a  measure  of  the 
thickness."  MacFarland's  Geological  Railway  Guide§  says  the 
formation  is  500  feet  thick  and  about  seven  miles  in  breadth. 
Miller's  Palaeontology  of  North  America{{  says,  "  the  limestone, 
at  the  falls  is  more  than  100  feet  thick." 

The  type  section  of  the  Trenton  is  not  limited  by  other  forma- 
tions at  either  extremit}'.  The  creek  at  Prospect  has  cut  its 
way  deep  down  into  a  narrow  gorge,  so  that  even  the  greater 
altitude  of  the  creek  level  above  Prospect  Falls  does  not  bring 
to  light  any  layers  higher  than  the  crystalline  beds  capping  the 
gorge  section.  North  of  here  extensive  drift  deposits  cover  the 
country.  The  nearest  occurrence  of  the  Utica  is  at  Nine  Mile 
Creek,  East  Trenton,  where  it  occurs  in  the  bed  of  the  brook, 
apparently  faulted  sharply  against  the  Trenton,  but  affording 
no  section,  and  too  much  covered  by  water  for  study  at  the 
season  at  which  I  visited  the  district  (November).**  The  Utica 
here  is  a  fine,  rather  thick  bedded  black  shale  affording  Mono- 
prionid  graptolites,  often  at  least  six  inches  long,  Triarthrus 
Becki,  Lepetopsis  ?  and  Orthoceras.     There  is  also  said  to  be  a 

•  Ppoc.  a.  a.  a.  8.  XXXVI. :  212. 

t  Second  Annaal  Kept,  of  the  3d  District  (1838).  p.  275. 

i47th  Ad.  Rept.  N  Y.  State  Museum  (1895),  p.  619. 
Second  Edition  (1890),  p.  118. 
Fourth  Edition  (1892),  p.  40. 
*C.  D.  Walcott:  Trans.  Alb.  Inst  X:  18-23  (1883)  described  ten  new  species 
from  the  "town  of  Trenton." 
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small  Utica  outcrop  in  the  bed  of  the  creek  south  of  Poland, 
also  presumably  a  case  of  faulting,  as  the  formation  there  is 
lower  Trenton. 

At  the  base  of  the  type  section  the  top  of  D^  (page  '77)  seems 
to  correspond  in  level  nearly  with  the  top  of  C*  (page  T5),  a 
short  distance  further  down  stream,  and  although  the  included 
layers  below  C^  only  aggregate  19  feet  10  inches  against  26  feet 
6  inches  below  D*^  I  am  nevertheless  inclined  from  their  ap- 
pearance to  consider  them  lower  beds,  and  that  some  of  the 
beds  of  D  thin  out  before  reaching  C,as  was  the  case  with  layer 
D  18  in  the  upper  part  of  the  section.  Therefore  substituting 
the  equivalent  layers  of  C  in  D  we  obtain  a  total  thickness  of 
318  feet  10  inches  for  the  tj'pical  Trenton  Falls  section. 

Below  the  bridge  at  Trenton  Falls  village,  there  are  no  out- 
crops along  the  creek  for  several  miles,  the  single  exception  be- 
ing a  small  outcrop  of  nodular  impure  limestone  at  the  bend  of 
the  creek,  three-fourths  of  a  mile  below  the  village,  near  Sawyer 
Bridge,  locally  known  as  "  Frog  Hollow."  The  river  cuts  its 
wa}'  between  excellent  river  terraces  of  the  extensive  delta  de- 
posits which  bury  the  surrounding  country  until  Poland  Bridge 
is  reached.  Here,  on  the  west  bank  of  the  creek,  beneath  and 
just  south  of  the  bridge,  are  seen  twenty  feet  of  limestone  in 
layers  two  to  six  inches  thick,  with  shal}^  partings.  A  small 
stream  cuts,  the  section.  The  layers  are  especially  prolific,  the 
lower  with  large  specimens  of  Frasopora,  and  about  six  feet  from 
the  top  a  particularl}^  rich  seam  from  which  the  following  fossils 
were  chiefly  obtained.  The  fossiliferous  portions  are  notably 
lenticular  and  not  continuous. 

PlectamboniieB  sericeoj  ventriooee  var.  c.     Orthia  ( Pfatystrophia )  hiforaia  c. 

Orthia  {Valmanelia)  tetUudinaria  c.  Trematis  terminalisc. 

Bafineaquina  deltoidea  c.  Lingula  quadrata. 

alfemata  f  Stenopora  fibrosum, 

Sirophomena  planumbona  c.  Ceraurus  pleurexanthemus. 

incurvaia,  Orthis  fiubaequata. 

Asaphus  platycepkalus  c.  Monticulipora. 

Trinucleus  concentricua  c.  Orthoceraa. 

Calymene  c.  ffolopea  aymmeirica  r  r. 

Near  the  top  of  the  hill,  on  the  road  leading  west  from  the 
covered  bridge  just  mentioned,  another  Trenton  exposure  oc- 
curs on  the  roadside,  at  an  elevation  of  probably  150  feet  above 
the  former.  It  is  a  black  compact,  rather  soft  limestone  and 
yielded  : — 

Orthia  (DalmaneHa)  teatudinaria  a.  Orthoceraa. 

TVinucleua  concentricus  c.  Ceraurua  pleurexanihemua. 

ModkHopsia  faba  o.  Calymene  aenaria. 

Rafineaquina  alternata  c.  Nucula  levata. 

TBANSAcnoxs  X.  Y.  Acad.  Sci.,  Vol.  XV..  SIg.  6,  April  7, 1896. 
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Bafineaquina  deUoidea.  Orihodemna  contracin* 

Strophomma  pUtnumbona,  Beyriehia. 

Lingula  ricinifarmis.  Conularia, 
Orthis  aequirairis. 

For  the  lowest  beds  the  nearest  continuous  section  was  found 
at 

II.  Poland  Limekiln  Section — 130  A. 

On  the  western  bank  of  West  Canada  Creek,  three  miles 
south  of  Poland,  thence  passing  upward  along  the  cut  of  the 
Adirondack  Railroad,  which  here  closel3'  follows  the  shore, 
thence  across  an  open  meadow,  which  covers  strata  estimated  at 
fifteen  feet  in  thickness,  to  the  roadway,  and  thence  through  a 
small  abandoned  lime  quarry  and  up  the  hill  lying  behind  it. 
Tlie  latter  portion  corresponds  to  the  lower  portion  of  the 
Kathbone  Brook  Section  (B),  on  page  84,  which  follows  the 
south  side  of  the  same  hill. 

A  1-2.  Calciferous. — light  gray,  compact,  heavy  bedded, 
massive  quartzite,  weathering  yellow  ;  with  SoolithuS'like  tubes 
filled  with  white  quartz.  The  latter  are  uniformly  vertical  in 
the  lower  four  feet,  but  above  this  are  not  always  vertical.  In 
the  upper  portion  the  rock  is  filled  with  calcite  seams  and  there 
are  shaly  portions  apparently  resulting  from  crushing.  Dip  6° 
N.,  but  changing  further  down  stream  to  6°  S.  The  lowest 
layers  are  exposed  in  the  bed  of  the  creek.  The  total  thickness 
measured  above  water  was 8  feet. 

3-5.  Birdseye  Limestone. — Ten  feet  above  A  ^ ,  on  the  west  side 
of  the  railroad  cut,  the  intervening  layers  being  buried  beneath 
debris,  is  exposed  a  dove  colored  limestone  with  scattered  cal- 
cite nests,  and  a  flinty  conchoidal  fracture.  Dip  3°  S.  40°  W. 
The  lower  layers  have  a  distinct  bite  to  the  touch.  The  middle 
layers  are  the  most  homogeneous  and  weather  lighter  gray ,  in  two 
to  six  inch  layers.  At  the  top  is  a  bed  one  foot  thick,  somewhat 
crushed  on  the  surface,  which  weathers  yellow 5^  feet. 

6.  Black  River  Limestone. — Two  heavy  barren  beds  of  dark 
colored  compact  limestone 5  feet. 

7-8.  Capping  the  foregoing  in  the  railroad  cut,  and  also 
shown  in  slightly  higher  layers  in  the  adjacent  field.  Nearly 
black,  compact  limestone,  having  conchoidal  fracture;  weather- 
ing gray  or  yellowish ;  impure.  The  rock  is  barren  in  some 
portions,  crystalline  and  highly  fossiliferous  in  others,  especially 
toward  the  top ;  the  fossils  being  brought  into  prominence  only 
b}"  weathering.     Chert  nodules  occur  through  the  rock. 

6  feet  9  inches. 

*  We  believe  this  is  ttie  first  instance  of  this  Cincinnati  species  \)e\ng  found  in 
the  eastern  states. 
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This  zone  is  especially  characterized  by  abundant  specimens 
of  Leper dilia  fabulites  and  glabellse  of  lllsenus  crassicauda. 

Crinoid  fragments  a.  Orlhoceras. 

Avietila  Trenionensis  c.  Chfrtoeeras  tenuistriatufi.f 

Cjfpricardites  ohtitms  ventricosm  c.  Adaphua platyeqfthalus.t 

RaphifAoma  Americana  c.  Conularia  small  sp. 

Zygo9pira  recurvirostra  c.  Rhynchotrema  inwqulralris.^ 

^Jhiesquina  aliemaia.  Jsochilina  small  sp. 

Strophomena  fllitexta*  c.  Bathyurus  extana, 

Siidopora  c.  Orthis  cf.  pectinella  mbtrquafa. 

Sucula  levaia.  Belleropkon  sp. 

Tellinomsya  nasuift.  small  sp. 

Holopea  small  sp.  Proiaria  vetunta, 

Murchisonia,  Modiolopms. 

Following  this  about  fifteen  feet  of  strata  are  probabl}-  cov- 
ered, before  succeeding  beds  are  reached  on  the  opposite  side  of 
the  field,  in  a  small  lime  quarry  adjacent  to  an  old  kiln  on  the 
west  side  of  the  roadway,  and  extending  up  the  side  hill  be- 
hind it. 

9.  More  or  less  irregular  and  fractured  layers,  two  inches  to 
on^  foot  thick,  partly  crystalline  and  partly  shaly,  dark  gray, 
breaking  in  layers,  densely  packed  with  Orthis  (Dalmanella) 
tesludinaria^  with  some  Plectambonites  sericea  and  scattered 
fragments  of  Asaphus  plati/cephalus,  Bellerophon  hilohatus  and 
Ccdymene  senaria.|| , 32  feet. 

10.  Very  compact,  black,  thin  bedded,  shaly  limestone,  with 
crystalline  bands,  shown  in  the  quarry  and  for  22  feet  up  the 
hiil,  the  remainder  of  the  hill  being  overgrown.  It  contains 
few  fossils,  principally  Rafinesquina  alternata,  also  Orthis  tes- 
tudinaria  and  Prasopora  lycoperdon. 

Upon  the  south  side  of  the  same  hill,  however,  about  one- 

*  strophomena  (Leptcena)  fllUexta  as  figured  by  Hall,  Pal.  N.  Y.,  Vol.  I.,  p.  111.  PI. 
XXXI.B.,  figs.  3  a-f  ana  as  found  In  the  Lake  Champlain  valley  is  a  broad,  very  slightly 
concave  species.  Winchell  and  Schucbert.  bowever,  in  Pal.  Minn.  III.,  pt  1,  pp.  885- 
388,  make  the  Trenton  limestone  forms  of  tbis  species  synonomons  with  Strophomena 
incurvata  Shepherd  {Produeta  incurvata  Shep.  A.  J.  S.  XXXIV.,  144,  figs.  1  and  2, 
1888)  and  indicate  for  it  quite  as  strongly  convex  a  character  and  outline  as  in  our 
Black  River  specimens  in  this  zone.  We  place  it  provisionally  under  this  latter  name. 
Except  for  its  strong  convexity  and  almost  semi-circular  margin,  the  specimens  agree 
with  8.  fllitexta  in  the  character  of  both  external  and  internal  ornamentation. 

t  Q/rtoceraa  comieiUum  Hall  (Geol.  Rep.  Wis.  1862,  pp.  41  and  441)  proved  to  be  a 
preoccupied  name,  and  Hall  therefore  proposed  to  substitute  for  it  the  specific  name 
tenuMriatum.  in  S.  A.  MllUer's  Am.  Pal.  Foss.  First  Ed.  p.  243.  The  species  is  newly 
figured  under  the  latter  name  by  Whitfield  in  Mem.  Am.  Mus.,  N.  H.,  I.,  PI.  IX.,  12. 

t  A  hypostome  found  in  this  niaterial  measures  2\jixl%  inches,  which,  in  propor- 
tion to  one  figured  in  Pal.  N.  Y.,  I.,  PI.  82,  indicates  an  A»aphus  having  a  length  of 
fifteen  inches! 

^  The  specimens  from  this  zone  correspond  to  Hall's  figures  of  Atrypa  increhescens. 
Pal.  N.  Y..  I.;  PI.  33,  fig.  13  c  and  fig.  13  k.  The  former  flffure  according  to  Winchell 
and  Schucbert.  Pal.  Minn.  III.,  pt.  1,  p.  4ji9,  is  R.  inaquivalvis  Castelnau,  while  the 
latter  is  R.  eapax  Conard.  As  our  specimens  most  closely  resemble  figs.  15, 16  and  18 
on  plate  34  of  the  Pal.  Minn,  cited,  I  place  them  under  Castelnau's  specific  name. 

JRathbone  brook  is  the  original  locality  of  this  species  according  to  Vanuxkm  (Geol . 
3d  district,  p.  55)  as  well  as  Trocholitea  ammonius  t'onrad. 
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eighth  of  a  mile  to  the  south,  the  same  layers  reappear  in  the 
much  more  extensive  Rathbone  Brook  section. 

III.  Rathbone  Brook  Section — 130  B. 

The  brook  flows  into  West  Canada  Creek,  near  the  Black 
River  exposure ;  and  the  lowest  beds  upon  it,  west  of  the  road- 
way must  occupy  a  position  not  far  above  the  Black  River.  The 
brook  would  repay  close  stratigraphic  study,  as  its  meandering 
course  with  numerous  falls  affords  a  continuous  section  of  con- 
veniently exposed  layers  for  nearly  two  and  one-half  miles  up 
the  ravine  between  the  hills.  The  beds  dip  at  about  10^  S. 
40  W.  In  order  to  obtain  the  relations  of  the  lowest  Trenton, 
collections  were  limited  on  this  occasion  to  that  portion  of 
the  stream  between  the  road  running  parallel  to  the  creek  and 
the  first  bridge  on  the  hill  road  running  at  right  angles  to  it,  a 
distance  of  possibly  half  a  mile,  up  hill.  In  ascending  order 
these  zones  are : 

B:  1.  Thin  bedded  shalj'  light  gray  limestone,  lowest 
beds   seen  on  the  south  side  of  the  brook,  with  black 
partings  and  fragmental  remains  in  the  upper  portion,     -^ 
otherwise  nearly  barren.  12' 

Btrophomena  planumbona.  Prasopora  lyeoperdon  of 

Orthis  testudinaria.  large  tubed  form. 

Plectamboniies  sericea,  Calymene  senaria. 

Stenoporafibrosum^  ventricose  variety.       Asaphua  plaiycephalus. 

Trinucleus  coricentricus. 

Ceraurus  pleurexanthemua, 

2.  Lowest  layers  on  north  side  of  brook.  Gray , coarsely- 
crystalline  with  extremely  abundant  Prasopora  lyeo- 
perdon, growing  up  in  large  cylindrical  masses.  14'    6" 

Also  fragmentary  remains  of 

Orthis  ( Platystrophiay  hiforaia  a. 

Pleclamhoniies  sericea  c.  BeHeropkon  bilobatus. 

Trinuculu8  concentricua  c.  Murchxsonia  mWeri. 

Oafymene  senaria  c.  Holopea  symmetrica, 

Ceraurua  pleurexanthemun  c.  Rafinesquina  altemata^ 

Stenojtorafibroaum.  coarsely  ribbed  variety. 

Monticuliporay  braDching  species.  Crinoid  stems,  occasional. 

3-4.  Lower  part  of  first  fall.  Light  gray,  pure  and 
very  finely  crystalline  or  sandy,  with  regular  cleavage ; 
nearly  all  the  fossils  fragmentary.  27'    2" 

Prasopora   lyeoperdon,  large    celled 

form  c.  Trematis  terminalis, 

Holopea  symmetrica.  Lingufa  fragments. 

Stenopora  flbrosum.  Rafinesquina  alternata. 
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TrinwJcus  cotusentricus.  Orihoeeras.  ' 

Amphus  plaiycephalus.  Orthia  iesludinaria, 

Ceraums  pleurexanihemtis,  Ccdymene  senana. 

GyrtoUieB  TrewUmenaia.  PtUodiciya, 
Orthis  {^Platystrophia)  biforata. 

5.  Heavy  barren  layer.  31'    2" 

6.  ComprisiDg,  with  3-5,  the  first  waterfall,  and 
forming  with  the  layers  below  a  zone  of  Holopea  aym- 
metricaj  not  elsewhere  located. 

Light  gray,  rather  coarsely  crystalline  with  very 
thin  shaly  seams  and  black  nodules ;  rather  impure  and 
fracturing  irregularly.  Recurrent  fauna  of  B*,  but  dif- 
ferent lithologic  characters.  34'    8" 

Holopea  gjfmmetrica  a.*  Treinatia  terminalii*. 

Stmopora  filtrosiim  a.  Lingvla  riciniformis. 

Prasopora  lycoperdon.  ssqualU. 

Trinudeus  eonceniricus.  Plectamhonites  sericea, 

Asaphus  platyeephalm.  Bafineaquina  aternata. 

Cerauni8  plmrexanlhemus.  Sirophtmena  planumbona. 

Cyrtolitea  Trentonemia.  Hyoliikea. 

Gyroceras.  Murchisonia. 

Orthis  {Plaiystrophia)  biforata,  Conuiaria  trenUmensis. 

7.  Alternating  barren  and  shaly  layers,  the  latter 
containing  fragments  of  Trinucleus  concentricus,  41'    8" 

8-9.  Including  the  base  of  the  second  fall.  Light 
gray,  similar  to  B*  but  not  impure ;  has  very  regular 
cleavage ;  contains  some  pyrite  and  many  fragmental 
remains  of  Galymene  senaria,  Orthis  testudinaria  and 
Monticulipora.  43'    8" 

10-11.  Rather  impure  and  finely  crystalline,  light 
gray  and  composed  of  comminuted  fragments  with 
frequent  shaly  partings.  52'    2" 

Orthis  testudinaria,  Stenopora  flbrosum. 

subfpqimta.  CaJymene  senaria. 

Mafinesqtiina  alttrnata.  Conuiaria, 

12.  Shal}'  la3'er,  containing  only  Prasopora  lycoper- 
don^ forming  top  of  the  second  water  fall.  53'    2" 

*  Two  of  the  specimens  of  this  species  collected  in  this  layer,  preserve  the  original 
shell  material  and  one  the  iridescent  lustre  of  the  pearl.  This  is  a  noteworthy  fact  con- 
sidering the  age  of  the  fossils— lower  Trenton.  While  several  gasteropods  and  brachlo- 
pods  with  preserved  coloration  are  b:nown  from  as  low  as  the  SubcarDoniferous  or  De- 
vonian fPHiLLiPs,  J.,  Geol.  Yorkshire  II.  226;  Sarm.  M.,  Annals  and  Mag.  Nat,  Hist.  42:) 
{1869):  PouHTALKs,  Bull.  Mus.  Comp.  Zool.  126  (1868);  de  Vkkneuil,  Trans.  Geol.  8oc. 
London  I.  »46  (1842)  Keves,  C.  R.  The  Nautilus,  IV.,  30  (1890.)]  the  onlv  record  I  flftd 
of  shell  color  preservation  from  so  low  a  horizon  as  the  Trenton  is  that  of  an  En- 
doceraa  protei/orme  from  New  York,  described  by  Prof.  O.  C.  MAR.sn,  Proc.  Am. 
Asso.   Adv.  Sci.  XVI.  326  (1868). 
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13.  Lenticular,  light  gray,  in  portions  coarsely  crys- 
talline, in  other  portions  highly  fossiliferous,  although 
the  fossils  are  chiefly  fragmentary,  in  still  other  por- 
tions with  thin,  very  compact,  sandy  streaks.  54' 

Orthis  tesiudinaria  a  a  a  Modiolopsw. 

SBquivalvis  a  a.  Orthoceras. 

Calymene  senaria  a  a. 

14.  Gray,  rather  coarsely  crystalline,  with  included 
compact  nodules.  54'  9" 

The  latter  contain  Calymene  senaria  and  Orthro- 
ceras,  the  former  :  — 

Orthis  [DaJmanelfa)  tentudinariasi&a.  Nuetiht  lev<t1a. 

FlectawibonHes  sericea  a.  Lingula  ricintfonnift. 

Ptilodiciya  c.  sp. 

Stictopora.  Bryozoan,  probably  new. 

Prasofpora  lycoperdon,  large  celled  var.  MaHiktUipora. 

Orthis  (Platysirophia)  biforafq.  Bfiflneaquina  alternata. 

Cidymene  senaria.  Parastrophia  hemiplicata.* 

15-19.  Series  of  compact  barren  layers,  respectively 
2'  3" ;  8"  and  5'  thick  alternating  with  shal3^  layers 
containing  only  Flectambonites  sericea,  63'  9" 

20-23.  A  series  of  gray  lenticular  beds  often  composed 
exclusively  of  an  agglomeration  of  Orthis  tesiudinaria, 
changing  abruptly  to  very  compact,  barren,  heavily 
bedded  black  limestone,  with  a  few  very  thin  shaly 
partings.  '     68'    9" 

Orthis  testudinaria  a  a  a.  Prasopora  lycoperdon. 
Calymene  nenarin.  MonticuHpora  small. 
Safinesquina  deltoidea.  Crinoid  colamns. 
alternata.  Plectambonites  sericca. 

24.  A  rather  impure  limestone  with  scattered  frag- 
mentary^ fossils ;  black,  irregular  fracture,  compact  with 
scattered  calcite  crystals  and  in  portions  8hal3\  72'    9" 

Prasopora  lycoperdon  sinaM  celled,  a.      Stenopora  Jibrostim. 

large  celled  fonn  a.  Ptytodictya. 

Asaphus platycephalus  (large)  c.  Strophomena  incurvata. 

dymene  senaria  c.  Bafinesquina  alternata. 

Orthis  testudinaria  c.  . nnsuta. 

subaequata.  Lingula  Curta. 

Bellerophon  bilobatus.  Beyrichia. 

Diplograptus  amplexicaule.  Crinoid  fragments. 
NueuXa  levata.  CyrUtceras. 

TelUnamya  dubia.  Orthoceras  vertebrata. 


♦The  occurrence  of  a  aiugle  specimen  of  Parastrophia  hemiplicata  in  this  layer  pos- 
sessed considerable  Interest.  The  species  is  characteristic  of  the  Black  River ;  occur 
ring  In  that  formation  at  Watertown,  N.  Y.,  associated  with  Cypricarditea  latus  Hall. 
On  Lake  Champlain  we  found  it  to  characterize,  in  great  abundance,  a  well-marked 
zone,  which  contained  little  elne.  That  zone  marks  the  lowest  portion  of  the  Trenton 
for  78  miles  along  the  lake  shore.   See  Trans.  iV.  Y.  Acad.  iSci.,  XXV.,  20  and 28  (1895). 
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25-30.  Compact  heavy,  nearly  barren  layers,  having 
conehoidal  fracture,  with  intervening  shale,  the  latter 
containing  fragments  of : —  102'    9" 

Pnuopora,  Lingula  curia. 

Crinoid  oolamns.  Orthis  testudinaria. 

Amphua  pUxtyeephalus,  Orthoceras, 

31.  Impure  black,  breaking  irregularly,  with  calcite 
seams  and  a  few  comminuted  fragments  of  fossils  in 
the  purest  portion.  114'    9" 

Crinoid  fiagmentB  a.  Calymene  senaria. 

Orthis  tesiudinaria,  Rafinesquina  altemaia, 

32-33.  At  the  falls  near  the  upper  bridge,  impure 
black  limestone ;  the  only  fossils  being  scattered  Orthis 
and  Asaphus  fragments.  13T'    9" 

Conclusions. 

Reference  to  the  faunal  lists,  facilitated  by  the  appended  tabu- 
lation, suggests  several  features. 

First :  The  almost  universal  prevalence  of  Orthis  tentudinaria 
Rafinesquina  alternata^  Flectambonites  sericea,  Orthoceratites, 
Asaphus  platycephalus  and  Calymene  senaria  throughout  the 
formation. 

Second  :  The  much  greater  number  of  forms  found  in  the 
Black  River  zones,  and  in  general  also  in  the  lower  zones  than 
in  those  above. 

Third :  The  prevalence  of  Crinoids,  Prasopora,  Bhyncho- 
trema  inssquivalvis  and  Trinucleus  concentricus,  principallj'' 
in  the  lower  layers. 

Fourth  :  The  appearance  of  Parastrophia  hemiplicata  so  high 
up  in  the  series  in  B  14. 

Fifth  :  The  first  appearance  of  Acidaspis  Trentonensis,  as- 
sociated with  the  most  perfect  fallen  remains  of  crinoids 
found,  in  the  uppermost  portion,  in  the  shaly  partings  of  the 
comminuted  gray  limestone,  suggests  that  the  crinoids  and  the 
trilobites  were  killed  by  the  same  inflow  of  muddy  water  into 
the  purer  seas. 

Sixth  :  The  absence  of  various  typical  Trenton  species  of  fre- 
quent occurrence  in  other  localities  and  not  found  among  the 
material  collected,  indicating  that  they  are  at  least  not  abundant, 
if  they  indeed  occur  in  the  region.  Some  of  these  species  are 
Climacograptus^  Solenopora  compacta  Bill,  Orthis  occidentalis 
Hall,  0.  tricenaria  Dalman,  0.  subquadrata  Hall,  Leptsena 
rhomboidalis  Wilck,  Rhynchotrema  capax  Con.,  Gyrhspira 
bisulcatn  Emmons. 
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From  a  lithological  standpoint  we  note : — First,  tiie  prevaling 
shaly,  nodular  and  impure  character  of  the  lower  portion  of  the 
formation. 

Second :  The  tendenc3'  of  the  fossiliferous  portions  to  occur 
in  lenticles,  usually  of  a  light  gray  color,  owing  to  the  prepon- 
derence  of  lime,  and  often  composed  entirely  of  an  agglomera- 
tion of  fragments  of  one  or  two  species.  The  transition  between 
the  light  colored  fossiliferous  and  the  dark  compact  limestones 
often  occurs  with  abrupt  contact  or  line  of  demarcation ;  the 
lenticles  evidently  being  depressions  filled  up  with  fragments, 
in  an  otherwise  even  surface  of  the  finest  carbonaceous  lime 
sediments. 

Third  :  Judging  from  the  thinness  of  most  of  the  layers  and 
their  frequent  shaly  partings,  oscillations  of  the  sea  bottom  and 
successive  depositions  of  fine  silts  must  have  followed  each 
other  in  periods  of  very  brief  duration.  During  a  few  longer 
periods  quiet  seas  prevailed  which  deposited  considerable  thick- 
nesses of  pure  limestone  of  blue-black  color,  in  which  the  trilo- 
biles  were  entombed  entire. 

Fourth :  Zones,  usually  of  less  than  one  and  a-half  feet  thick 
of  lighter  gray  color  occur  chiefly  near  the  central  mass,  in 
which  the  fossils  are  altogether  comminuted.  This  is  also  the 
case  with  the  uppermost  gray  portion,  while  many  of  the  fossils 
of  the  intervening  portion,  especially  in  the  Rajinesquina  del- 
toidea  zone  are  preserved  nearly  intact.  Finally  sedimentation 
closed  with  long  continued  shore  deposition,  in  which  the  frag- 
ments were  finely  broken  or  ground  to  powder,  which  afterward 
dissolved  and  crystallized,  and  which,  possibl}-  owing  to  the  ab- 
sence of  plant  life,  retained  its  light  color.  A  few  short  periods 
of  finer  sedimentation  intervened  between  the  longer  periods  of 
fragmental  deposition  and  preserved  the  existing  fauna. 

The  subsequent  shaly  deposits  which  gradually  led  to  the  slate 
formations  of  the  Utica  do  not  appear  at  Trenton  Falls. 

Summary. 

The  results  obtained  may  be  summarized  as  follows : 

Utica  shale  is  not  found  nearer  than  Nine  Mile  Creek,  East 
Trenton,  and  no  upper  stratigraphic  boundary  of  the  Trenton 
formation  can  be  found  in  the  type  section.  The  shaly  layers 
following  the  pure  crystalline  limestone  in  other  localities  and 
forming  the  transition  to  the  Utica  are  not  represented. 

Trenton  Limestone  in  the  Kauya  Hoora  gorge  section  con- 
sists of: 

Upper:  Heavy,  bedded,  gray, coarse  cr^'stalline. 
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Period  of  clear  seas  which  furnished  quantities  of  finely  com- 
minuted deposits 20  feet. 

Middle:  Thin  bedded,  alternating,  shaly  and  purer,  dark  col- 
ored limestone,  frequently  nodular  or  lenticular. 

Period  of  oscillating  land  level  and  consequent  variability  of 
deposition,  extending  through  a  long  period  of  time.  Lower 
portion  particularly  impure  and  generally  encrinal,  increasing 
in  purity  in  the  higher  layers.     Fossils  chiefly  fragmentary. 

316  feet. 

Lower:  Not  seen  at  Trenton  Falls;  found  at  Rathbone 
Brook,  (B)  3^  miles  below  Poland.  Thin  bedded,  but  more  dis- 
tinctly marked  zones  than  at  Trenton  Falls.  Light  colored  in 
general  and  frequently  sandy.  Abundant  Prasopora,  Most  re- 
mains fragmentary.  Correspondence  with  above  not  yet  deter- 
mined. 

Black  River  Limestone. — First  seen  at  the  locality  (A) 
three  miles  south  of  Poland.  Impure,  heavy  bedded.  Fossils 
numerous  and  well  preserved .• II  feet,  9  inches. 

Birdseye  Limestone.  —  Heavy  bedded,  non-fossiliferous, 
dove  colored,  dolomitic  limestone 9  ft.  6  in. 

Chazy  limestone  not  found,  and  evidently  not  deposited. 

Calciperous  :  Heavy  bedded,  dolomitic,  non-fossiliferous. 
Underlies  the  Birdseye  at  the  locality  cited 8  feet. 

Physical  Features. 

These  have  been  noted  by  Vanuxem,  in  the  report  for  1842, 
on  pages  51  to  64,  and  are  worthy  of  note. 

The  creek  undoubtedly  follows  a  more  or  less  strongly  de- 
veloped series  of  north  and  south  joint  planes,  and  at  Sherman 
Falls,  shown  in  plate  II,  has  come  in  contact  with  a  series  of 
joints  at  right  angles  to  the  former,  as  well  shown  in  the  wood 
cut  by  R.  C.  Taylor,  on  page  52  of  the  report  referred  to.  The 
gorge  at  this  point  is  crossed  by  a  perpendicular  wall,  extend- 
ing from  the  eastern  bank  (shown  on  the  right-hand  side  of  the 
illustration  in  this  paper)  nearly  to  the  western  bank.  A  por- 
tion of  the  creek  at  high  water  still  falls  over  this  wall  on  the 
right-hand  side  and  centre,  as  shown ;  the  larger  body,  however, 
pours  into  a  second  joint  lying  some  twenty  or  thirty  feet  be- 
hind, and  is  in  process  of  widening  this  latter  crevice  from  west 
to  east,  so  that  eventually  the  original  face  of  the  fall  will  be- 
come entirely  detached  and  the  fall  be  obscured  behind  its 
rocky  screen. 

At  the  top  of  the  lower  portion  and  between  it  and  the  upper 
portion  of  the  High  Fall  a  layer  contorted  into  semi-circular  pli- 
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cations  occurs,  interbedded  between  normally  horizontal  layers, 
which  constitute  a  great  thickness  both  above  and  below.  The 
phenomena  is  diagrammatically  figured  by  Yanuxem  on  page 
53. 

There  is  a  series  of  these  folds,  more  or  less  covered  by  debris 
at  the  surface  outcrop,  three  or  four  of  the  most  striking  of 
which  are  shown  in  the  photograph  (plate  III,  figure  A),  es- 
pecially the  one  a  little  to  the  right  of  the  centre  of  the  view. 
The  trough  of  the  plications  bears  N.  60°  E.  The  "  rim,"  if  we 
may  so  term  the  exterior  of  the  troughs,  which  most  resists 
weathering  on  the  exposed  surface,  is  of  one  of  the  blue-black 
compact  layers,  two  or  three  inches  thick,  so  frequent  in  zone 
D  15,  of  which  it  forms  a  part.  That  the  distortion  has  not  been 
accompanied  by  metamorphism  is  demonstrated  by  the  fact  that 
the  more  shaly  layers,  both  within  and  without  this  denser  ^'rim/' 
which  coincide  with  its  curve,  preserve  their  fossils  (Plectam- 
bonitea  and  Orthids)  intact.  Vanuxem  considers  that  the  con- 
tortion was  due  to  a  crystallization  of  the  "  rim  "  layer,  necessi- 
tating expansion ;  while  Prof.  W.  0.  Crosby  has  suggested  to 
the  writer  that  the  cause  may  have  been  the  yielding  of  this 
layer  under  the  tremendous  weight  of  strata  above.  Either 
theory,  however,  would  imply  metamorphism,  which  does  not 
exist.  I  am  inclined  to  think  that  the  contortion  took  place, 
from  some  cause,  very  shortly  after  the  period  of  deposition. 

A  photograph  of  the  Great  Falls,  where  the  phenomenon  oc- 
curs, is  given  by  N.  H.  Darton,  Plate  X,  4*lth  Annual  Report, 
N.  Y.  State  Museum. 

Various  peculiar  contortions  of  the  strata  ar6  to  be  noted. 
The  first  of  these  is  on  the  eastern  face  of  the  narrow  passage 
known  as  "  Rocky  Heart,"  shown  in  plate  III,  figure  B.  The 
upper  layers  are  nearly  horizontal,  while  those  below  show  over- 
lap structure,  due  to  the  subsequent  settling  and  resedimenta- 
tion  upon  the  original  shore.  The  layers  alternatel}'  thicken  as 
shown,  the  stratification  following  the  contact  surface  with  the 
older  sea  bottom. 

Several  other  such  cases  may  be  noted ;  and  another  probable- 
similar  instance  from  the  upper  end  of  the  gorge,  in  the  layers 
of  section  D  22,  is  shown  near  the  center  of  plate  V,  figure  A. 
Near  to  the  latter  one  of  the  exits  of  the  underground  streams, 
flowing  along  the  solution  crevices  of  D.  23,  pours  its  rill  into 
the  creek  from  a  considerable  height. 

Near  the  same  locality,  also  in  D  22,  there  occurs  a  striking 
example  of  what  is  probably  an  ancient  channel  filling,  shown  in 
Plate  IV,  figure  B.  The  edge  of  the  channel  forms  with  the  adja- 
cent horizontal  layers  in  which  it  rests  an  angle  of  8  to  15^.  The 
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dip  of  the  channel  sediments  is  about  15^.  A  slight  faulting  of 
all  the  layers  occurs  at  the  same  locality.  This  is  the  same 
phenomenon  illustrated  by  Yanuxem  in  the  1842  report  on 
page  54. 

LIST  OF   FOSSILS   FOR  WHICH  TRENTON  FALLS  IS  THE  TYPE  LOCALITY. 

A  list  of  species  not  contained  in  the  tabulation  of  those  col- 
lected by  the  writer,  which  will  be  found  on  pape  93,  but  which 
have  been  described  from  Trenton  Falls  as  their  type  localit}'. 
Where  no  closer  designation  is  appended,  the  original  descrip- 
tion only  locates  them  as  **  Trenton  Falls." 

Acidaspis  parvula  Wale.  (1879)  31st  An.  Rep.  N.  Y.  S.  Mus. 
69. 

Bellerophon  hilohatus  var.  acutiis  Hall  (1847)  Pal.  N.  Y.  I., 
185. 

var.  eorrugatus  Hall  op.  cit.     From  spec,  in 

Moore  collection,  Trenton  Falls. 

Beyrichia  bella  Wale.  (1883).  Advance  pages  of  35th  An. 
Rep.  N.  Y.  S.  Mus.  207.  From  the  upper  portion  of  the  lime- 
stone. 

Calceocrinus  Barrandii  Wale.  (1883).  Same  ref.  and  loca- 
tion. 

Carinaropsis  carinata  Hall  (1847)  Pal.  N.Y.  I.  From  the  black 
fine-grained  layers. 

Conchopeltis  alternata  Wale.  (1879)  28th  An.  Rep.  \.  Y.  S. 
Mus.  98.  From  the  upper  third  of  the  limestone  near  Prospect 
Bridge. 

Conularia  quadrata  Wale.  (1879)  op.  cit.  Same  localit}'  as 
the  last. 

Dendrocrinus  retractilis  Wale.  (1883)  op.  cit. 

Endoceras  Vanuxevii  Con.  (1842)  Jour.  Acad.  Nat.  Sci.  Phila. 
Ylll.,  267,  PI.  162. 

Olyptocrinus  arguiua  Wale.  (1883)  op.  cit.  From  upper  por- 
tion of  the  limestone. 

?  subnodosus  Wulc.  (1883)  op.  cit.    Same  locality 

as  the  last. 

Heterocrinus  simplex  Wale.  (1883)  op.  cit. 

laxus  Wale.  (1883)  op.  cit. 

locrinus  Trentonensis  Wale.  (1883)  op.  cit.  From  the  upper 
half  of  the  limestone. 

Isotelus planus  Dekay  (1824)  An.  N.  V.  Lye.  X.  H.  I.,  178. 
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Lingula  rectilateralis  Emmons  (  Lingula  quadrata  Hall  (1847) 
not  Eichwald).  "  Usually  unassociated  with  other  fossils,"  in 
the  dark  colored  central  portion. 

(^Olossind)  Trentonensis  Conr&d  (^Lingula  attenuataf 

Hall,  not  Sowerby).     From  the  dark  colored  central  portion. 

Merocrinus  typus  Wale  (1883)  op.  cit.  Prom  the  upper  por- 
tion. 

corroboratus  Wale.  (1883)  op.  cit.    Same  location. 

Murchisonia  bellicincta  Hall  (1847)  Pal.  N.  Y.  I.  From  the 
dark  colored  upper  portion. 

Pachydictya  acuta  Hall  (^Stictoporaf  acuta)  (1847)  op.  cit. 
Common  in  the  shaly  portions. 

Palxaster  ma^u/tnu*  Hall  (1861)  (^Asterias  matutinus).  Fig- 
ured Trenton  Falls  type  in  Amer.  Museum  Nat.  Hist. 

Rafinesquina  camerata  (Conrad)  Hall  (1847).  Figured 
specimen  (Pal.  N.  Y.  I.,  Pi.  XXXI.  A.,  2  a-b)  from  Trenton 
Falls  in  Amer.  Museum  Nat.  Hist. 

Stictopora  elegantula  Hall  (1847)  op.  cit.  Occurring  through- 
out. 

Stomatopora  infiata  (Hall)  Yine  (^Alecto  inflata  Hall)  (1847) 
op.  cit.     From  the  dark,  compact  central  portion. 

Streptelasma  corniculum  Hall  (Streptoplasma  corniculum  and 
S.  multilamellosa  H.)  (1847)  op.  cit.  From  the  lower  shaly  and 
gray  crystalline  portions. 

Strophomena-Gonradi  Hall  ri892)  Pal.  N.  Y.  VIII.  344,  is 
not  typically  described  from  Trenton  Falls,  but  the  original  of 
PI.  XX.  32-32a  is  from  that  locality. 

Strophomena  Trentonensia  W.  and  S.  {Leptasna  subtenta  (^Con- 
rad)  Hall,  1847,  op.  cit.).     Occurring  throughout. 

Making,  together  with  the  species  noted  in  the  lists  on  the 
following  pages,  a  total  of  forty-one  species  or  varieties  for 
which  the  tj'pes  are  credited  to  Trenton  Falls. 


My  thanks  are  due  to  Mr.  Gilbert  van  Ingen,  of  Columbia 
University  and  to  Prof.  R.  P.  Whitfield,  of  the  American 
Museum  of  Natural  History,  for  the  determination  of  specimens, 
and  to  the  former  also  for  various  suggestions;  also  to  Prof.  J. 
F.  Kemp  for  courtesies  extended  during  the  progress  of  the 
work.  No  local  map  of  the  region  being  at  present  obtainable, 
the  one  accompanying  this  paper  is  based  on  that  in  N.  S.  Ben- 
ton's History  of  Herkimer  Co.,  (1856). 
Geological  Department, 

Columbia  University. 
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Regular  Business  Meeting. 

January  1,  1896. 

In  the  absence  of  the  President,  the  meeting  was  called  to 
order  by  Prof.  Woodward.  There  were  twenty-six  members 
and  guests  present. 

The  minutes  were  read  and  approved. 

Dr.  Franz  Boas,  of  the  American  Museum  of  Natural  His- 
tory, was  nominated  as  resident  member. 

Prof.  M.  I.  Pupin  then  read  before  the  Section  of  Astrono- 
my and  Physics  a  paper  on  the  ^^  Magnetic  Circuit."  In 
transformers,  especially  of  closed  iron  core,  it  has  long  been 
known  that  the  upper  ^^  harmonics  "  of  the  fundamental  rate  of 
alternators,  present  in  the  primary  are  choked  out  bj'  the  trans- 
former leaving  the  potential  difference  of  the  secondary  coil 
represented  by  a  simple  sine  curve.  The  choking  out  is  less  if 
the  magnetic  circuit  is  incomplete  and  least  where  the  coils  have 
no  magnetic  core.  Various  explanations  have  been  offered  to 
account  for  this  phenomenon ;  and  it  is  doubtless  true  that  it  is 
due  to  Foucault  currents  and  to  hysteresis.  Dr.  Pupin  pointed 
out  from  certain  mathematical  considerations  that  by  appropri- 
ate measurements,  especially  of  the  angle  of  lag^  it  would  be 
possible  to  separate  the  energy  consumed  in  Foucault  currents 
from  that  consumed  by  hysteresis,  and  thus  be  able  to  study 
this  latter  puzzling  phenomenon.  Investigations  are  in  progress 
to  test  the  method  experimentally.  Prof.  Crocker  remarked 
upon  the  interest  and  importance  of  the  questions  involved. 

The  second  paper  was  by  Dr.  A.  A.  Julien  upon  "  The  Con- 
densed Gas  Film  on  the  surface  of  Solid  Bodies  with  relation  to 
(1)  Newton's  rings  of  the  first  order;  (2)  Sand  flotation;  (3) 
Sand  in  harmonic  vibration.  Owing  to  the  lateness  pf  the  hour, 
Dr.  Julien  passed  over  the  first  twd  heads,  giving  an  outline  of 
the  literature  of  the  question  of  liquid  films  on  solids.  He  then 
outlined  his  experiments  in  sonorizing  sands  artificially  and  in 
demonstrating  the  necessity  of  an  antecedent  water  film  before 
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the  bdnd  becomes  sonorous.  The  sand  must  also  be  of  approxi- 
mately uniform  size  of  grain.  The  paper  was  discussed  by  Pro- 
fessors Mayer,  Yan  Nardroff,  Pupin  and  Hallock. 

At  10:30  the  meeting  adjourned. 

William  Hallock, 
Secretary  of  Section. 


Stated  Meeting. 

January  13th,  1896. 

The  Academy  met  with  Dr.  Curtis  in  the  chair,  Dr.  Dean 
acting  as  temporary  secretary.  There  was  an  attendance  of  six- 
teen  (16)  persons. 

In  the  absence  of  regular  business,  the  Section  proceeded  at 
once  to  the  reading  of  papers. 

The  first,  that  of  Dr.  Geo.  S.  Huntington  on  "  Contributions 
on  the  Visceral  Anatomy,"  dealt  with  the  visceral  anatomy  of 
the  following  forms : 

Myrmecaphaga  jubata, 
Tamandua  hivittata. 
Arctopithecus  didactylus. 
DadypuB  sexcinctus. 
Tatusia  novemcincta. 
Manis  longicaudata. 

In  the  brain  (hemispheres)  the  uniform  presence  of  a  more  or 
less  modified  longitudinal  sagittal  sulcus  parallel  with  the  great 
longitudinal  fissure,  the  tendency  to  the  formation  of  a  trans- 
verse frontal  sulcus,  and  the  absence  of  a  distinct  Sylvian 
fissure,  are  to  be  noted  as  Edentate  characters.  In  the  alimen- 
tary tract  the  structure  of  the  stomach  separates  sharply  the 
Sloths  from  the  remaining  groups,  being  composite  in  the  former, 
approaching  the  type  of  the  sub-divisions  found  in  Artiodactyla, 
simple  in  the  others  with  a  more  or  less  well  marked  pyloric 
gizzard.     The  ileo-colic  junction  exhibits  a  complete  series  in 
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the  forms  examined,  fk'om  the  simple  ileo-colic  transition  of 
Manis  to  the  complete  esecum  of  Tamandua. 

Manis  longicaudata :  Ileo-colis  transition  direct,  marked  hy 
bend  or  tube,  caliber  of  large  and  small  intestine  uniform. 

Gholcepus  didactylus:  Transition  direct,  caliber  of  colon 
larger. 

Myrmecaphaga  jubata :  Transition  direct,  difference  in  caliber 
of  colon  and  small  intestine  more  marked. 

Tatusia  novemcinta:  Transition  direct,  colon  dilated  uni- 
formly, entrance  of  ileum  central. 

Dasypus  sexcinctus:  Rudimentary  bilateral  colic  cseca,  en- 
trance  of  ileum  central  and  intermediate. 

ArctopithecuB  marmoratus:  Rudimentary  caecum,  entrance 
of  ileum  approaches  lateral  position,  folds  absent. 

Tamandua  bivittata:  Caecum  and  folds  well  developed,  en- 
trance of  ileum  lateral. 

The  arrangement  of  the  blood  vessels  and  the  rudimentary 
ileo-caecal  folds  in  this  series  indicate  the  early  condition  of  the 
mammalian  caecum  as  compared  with  the  vascular  and  peritoneal 
arrangement  of  such  forms  as  the  Archoid  group  of  carnivora, 
where  the  evidence  points  to  the  elimination  of  a  former,  caecal, 
intestinal  appendage,  during  the  evolution  of  the  group.  The 
paper  also  considered  the  respiratory  and  geuito-urinary  tracts 
of  A^ctopiihecus  marmoratus. 

The  second  paper  was  by  Dr.  O.  S.  Strong  on  "  The  Use  of 
Formalin  in  Injecting  Media.''  The  writer  pointed  out  the  ad- 
vantages of  fixing  whole  brains  by  injecting  in  situ  with  forma- 
lin. Formalin  (40  %  formaldehyde)  diluted  with*  an  equal  vol- 
ume of  water  is  injected  into  the  cephalic  vessels  until  it  runs 
from  the  cut  jugulars.  After  a  few  minutes  the  same  quantitj^ 
is  again  injected,  and  once  or  twice  again  after  an  elapse  of  fif- 
teen (15)  to  twenty  (20)  minutes.  The  brain  is  then  removed 
and  will  be  found  to  be  completely  fixed  throughout.  The 
swelling  usually  noticed  in  formalin  hardened  brains  does  not 
appear  to  take  place  when  this  method  is  employed.     Besides 
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the  man}'  general  advantages  of  fixing  brains  by  injection,  for- 
malin has  the  especial  merit  of  giving  them  the  best  consistency 
for  macroscopic  work,  and,  further,  such  brains  are  available 
subsequently  for  the  Golgi  and  Weigert  methods,  as  well  as, 
possibly,  for  cytological  methods.  Formalin  also  has  the  ad- 
vantage that  it  can  be  used,  as  above,  stronger  than  is  neces- 
sary for  fixation  and  thus  allowance  made  for  its  dilution  when 
permeating  the  tissue.  When  only  the  Golgi  method  is  to  be 
used  an  equal  volume  of  a  10  %  solution  of  potassium  bichro- 
mate may  be  added  to  the  formalin  instead  of  water.  Pieces 
can  be  subsequently  removed,  hardened  further  in  formalin- 
bichromate  and  impregnated  with  silver. 

The  third  paper  was  the  following : 

IS   PAL^OSPONDYLUS   A   CYCLOSTOME? 

Bashford  Dean. 

Department  of  Biology,  Ck)Iambia  College. 

Paleeospondylus  has  seemed  to  fill  the  long-felt  need  of  a 
Palaeozoic  Lamprey, — ^to  assure  the  morphologist  that  the  Marsi- 
pobranchs  are  in  reality  an  ancient  chordate  stem,  one  of  whose 
generalized  members  may  in  primaeval  times  have  given  rise  to 
the  descent-line  of  the  jaw-  and  paired-fin-bearing  vertebrates ; — 
to  convince  him  that  there  is  no  direct  need  of  regarding  the 
Cyclostomes,  as  Dohrn  and  others  had  done,  as  the  degenerate 
survivors  of  highly  specialized  forms,  perhaps  akin  to  the  Tel- 
eosts.  With  the  recent  studies  of  Ayers,  on  the  one  hand, 
summarizing  the  strikingly  primitive  characters  of  Bdellostoma, 
and  with  the  discovery  of  the  Lower  Devonian  Palaeospondylus, 
on  the  other,  there  seemed  that  at  the  present  time  it  could  not 
reasonabl}^  be  doubted  that  the  Lampreys  were  the  descendants 
of  a  chordate  stem  both  lowly  and  ancient. 

The  more  recent  studies  on  Palaeospondylus,  moreover,  ap- 
peared fully  to  confirm  the  'early  suggestion  of  Traquair  as  to 
its  Myxinoid  characters.  Its  alliance  with  Marsipobranchs  be- 
came, "  more  than  probable  (Smith  Woodward),"  "  a  tolerably 
close  approximation  to  certainty  (Traquair),"  and  further  dis- 
coveries, when  fossils  should  be  found  preserved  in  a  matrix 
more  compact  than  the  Caithness  flagstone,  were  looked  to  to 
prove,  beyond  a  question,  that  its  structural  details  were  Marsi- 
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pobranchian.  The  present  writer,  among  the  rest,  had  believed 
that  Dr.  Traquair  had  brought  forward  a  more  than  strong  case 
in  his  demonstration  of  tlie  cyclostomian  features  of  the  fossil, 
and  he  was  only  too  willing  to  accept  so  important  an  aid  in  the 
solving  of  the  puzzle  of  the  Lampreys.  He  has  been,  accord- 
ingly, not  a  little  disconcerted  to  find  in  one  of  the  specimens 
of  Paleeospondylus  *  in  the  collection  of  fossil  fishes  of  Colum- 
bia College,  some  structural  details  which  are  decidedly  opposed 
to  the  accepted  view.  And  he  must,  therefore,  believe  that  the 
question  of  the  kinships  of  the  Achanarras  fossil  is  still  far 
from  being  solved.  The  structures  referred  to  appear  to  war- 
rant  the  belief  that  paired  fins  may  have  been  present,  and  that, 
on  this  account,  Paleeospondylus  could  not  strictly  have  been 
a  Marsipobranch. 

The  specimen  in  question,  shown  in  the  accompanying  figure 
(See  Plate  V,  Pig.  B,  at  end  of  volume)  is  a  small  example, 
about  15  mm.  in  length,  poorly  preserved  as  to  the  caudal  region, 
but  showing  favorably  the  structures  of  neck.  It  is  here,  as 
will  be  seen  in  the  figure,  that  a  dusky  band  ma}^  on  either  side, 
be  graced  tailward  from  the  region  of  the  *  auditory  capsules.' 
These  bands,  when  examined  with  a  glass,  are  found  to  resolve 
themselves  into  a  series  of  raj' -like  structures,  arranged  trans- 
versely to  the  axis  of  the  body,  but  slightly  inclined  backward. 
On  the  right  side  they  are  the  more  clearly  seen,  and  are  especi- 
ally noteworthy  in  the  region  of  the  post-occipital  (Traquair) 
plates,  PO;  here  they  appear  in  a  graded  series,  RS,  smaller  in 
front,  the  largest  one  taking  its  origin  from  the  position  of  the  en- 
larged caudal  end  of  the  post-occipital.  Seven  or  more  can  be 
counted;  and  each  element  is  seen  to  become  thicker  distad, 
terminating  bluntly.  They  cannot  be  said  to  definitely  take 
their  origin  from  post-occipital  plates,  although  they  certainly 
appear  to,  and  there  is  a  suggestion  that  the  right  occipital  plate 
has  been  formed  of  metameral  elements.  The  band  of  ray -like 
structures  continues,  however,  caudad  of  the  pectoral  region, 
traceable  backward  to  the  region  of  about  one-half  the  length  of 
the  vertebral  axis.  In  this  hinder  region  they  cannot  be  dis- 
tinctly followed,  although  they  are  clearly  present,  small  in  size, 
and  but  slightly  enlarged  distally.  It  might  further  be  said  that 
traces  of  fine  ray-like  structures  have  been  noted  at  the  side  of 
the  fossil  near  the  pectoral  region,  but  these  at  the  best  are  so 
obscure  that  their  presence  cannot  definitel}'  be  determined. 

The  exact  character  of  these  fin-like  structures  of  Paleeospon- 
dylus cannot,  it  is  evident,  be  looked  upon  as  entirely  conclu- 

•  These  had  been  received  through  the  kindness  of  Mr.  W.  T.  Kinnear,  of  Forss.  by 
Thurso. 
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sive  from  the  evidence  of  this  single  fossil.  But  their  presence 
is  alone  sufQcient  to  cause  us  to  review  with  some  care  the 
interpretations  which  have  already  been  put  upon  the  struc- 
tures of  the  head  and  gill  region  of  the  fossil.  Thus  it  is 
evident  that  if  ray-like  structures  are  present  on  the  side  of  the 
body  as  far  forward  as  the  anterior  end  of  the  post-occipital 
plates,  the  "  enlarged  posterior  part  of  the  skull,"  which  Dr. 
Traquair  regards  as  '^  presumably  composed  of  the  combined 
parachordals  and  ear  capsules,"  can  no  longer  be  looked  upon 
as  strictly  a  cranial  region,  but  was  rather  the  encasement  of 
the  branchial  apparatus.  And  it  would  naturally  follow  that 
the  capsules  of  the  ear  and  eye  would  have  to  be  sought  in  a  more 
anterior  situation,  in  the  positions,  perhaps,  indicated  in  Tra- 
quair's  figures  in  the  "  trabeculo-palatine  part  of  the  cranium  "  as 
a,  6  or  c.  The  evidence  that  the  ray-like  structures  were  associated 
with  lateral,  rather  than  with  vertical  fins  (as  the  present 
writer  at  first  supposed)  is  by  no  means  unsatisfactory.  (1) 
The  head  and  post-occipital  plates  of  the  fossil  are  arranged 
in  perfect  bilateral  symmetry,  showing  that  there  was  no 
torsion  of  these  regions  during  petrifaction.  (2)  The  ray-like 
structures  of  either  side  corrrespond  to  each  other,  and  in  their 
extreme  anterior  position  find  no  analogue  among  the  unpaired 
fins  of  existing  fishes,  even  among  the  aberrent  Heterosomes  and 
Pierasfer.  Negative  as  well  as  positive  evidence,  accordingly, 
indicates  that  these  fin-like  rays  were  concerned  with  the  pres- 
ence of  paired  fins.  If  this  be  true,  is  Palseospondylus  to  be  re- 
garded as  a  Marsipobranch?  It  is  certain  that  the  appearance 
of  these  fin-like  structures  must  give  weight  to  those  characters 
of  the  fossil  which  have  been  adverse  to  its  cyclostomian  affini- 
ties, and  roust  also  tend  to  make  more  prominent  the  lack  of 
precise  knowledge  as  to  its  Myxinoid  features.  The  evidence, 
favorable  and  unfavorable,  might  perhaps  be  summarized  thus : 
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Mabsipobranchian  Chabactebs  of  Pal^eospondylus. 


Positive. 


Tentacles 
of  bead. 


Negative. 


Similar  to  those  of  the  naso-  .      Not 
month  region  of  Bdellostoma,  |  bEancbui» ; 


or  even  to  the  buccal  oirrhi  of 
Amphioxus    Apparently  as 

I  many  as  eleven  or  twelve  were 

'  present. 


Jaw  parts.   Unknown. 
Cranium.   , ' 


Vertebral 
column. 


Caudal 
fin. 


Paired 
fins. 


I  Essentially  marsipobranchian. 


marsipo 
mouih  surround- 
ing tentacles  evolved  independ- 
ently in  some  of  the  lu^er 
groups  of  fishes,  Sharks,  and 
many  Teleostomes,  e.  g.j  Silu- 
roids,  Pogonias,  Hemitripterus. 
Moreover  it  is  possible  that  the 
**  ventral  cirrhi'*  are  displaced 

'  structures  from  the  cranial  re- 
gion, as  one  of  the  specimens 

I  examined  by  the  present  vmter 

I  seems  to  indicate. 

Unknown. 

Chondrified,  massive,   filling 

the  entire  head,  this  with  the 

huge  auditory  capsules,  is  far  too 

large  in  size  for  any    known 

•  Marsipobrancb. 

I      Highly   specialized,   massive 
I  o  e  n  t  r  a ,    vnth    differentiated 
neural  arches,  entirely  un-cy- 
clostomian. 

But  its  diphyceroal  (or  per- 
haps heterocercal)  condition 
also  common  to  many  groups, 
Shark,  Lung-fish,  Teleostome. 
Decidedly  non-marsipobran- 
chian:  also  the  ''post-occipital 
plates''  which  might  well  rep- 
resent basalia  of  pectoral  fins. 


It  will  thus  be  seen  that  the  only  character  which  Palaeospon- 
dylus  retains  allying  it  with  the  Cyclostomes  is  the  presence  of 
tentacles  in  the  anterior  head  region,  a  strong  ground  of  kinship 
be  it  admitted.  But  in  view  of  tbe  many  un-marsipobranchian 
features,  especially  if  the  presence  of  paired  fins  be  added,  can 
the  bead-tentacles  be  taken  to  be  in  any  way  a  crucial  test  of 
kinship?  Or,  on  the  other  hand,  would  it  not  be  more  reason- 
able to  believe  that  these  structures,  if  they  be  a  ring  of  ten- 
tacles, arose  independently  within  the  group  to  which  Palseospon- 
dylus  belongs  ? 

The  position  of  the  fossil,  if  not  to  be  regarded  as  marsipo- 
branchian, is  certainly  undefinable.     One  is  loth  to  accept  the  hj^- 
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pothesis  of  Sir  J.  W.  Dawson*  as  to  its  larval  characters  on  ac- 
count of  the  presence  of  a  well-defined  vertebral  column,  and  as 
to  its  rank  as  a  specialized  Stegocephal  on  account  of  its  totally 
unamphibian  fin-like  structures.  Perhaps  one  might  most  reason- 
ably place  it  with  the  Ostracoderms  among  the  curiously'  special- 
ized ofishoots  of  the  early  chordates,  but  this  position  would  be 
at  the  best  unsatisfactory.  New  material,  however,  may  be 
awaited  to  demonstrate  the  details  of  its  structures,  and  to  enable 
a  more  satisfactory  solution 'of  the  puzzles  of  its  kinships. 

Before  adjournment  Prof  Osbom  proposed  the  name  of  Prof. 
C.  Lloyd  Morgan  for  corresponding  membership.  The  nomina- 
tion was  duly  referred  to  the  Council. 

A  motion  of  Prof.  Osborn  was  carried,  appointing  a  special 
meeting  of  the  Biological  Section  of  the  Academy  for  the  evening 
of  Friday,  January  Slst,  the  meeting  to  be  similar  to  that  held 
during  the  preceding  winter,  at  which  Dr.  Poulton,  Prof.  Cope 
and  others  took  part.  It  is  proposed  that  Prof.  Lloyd  Morgan 
open  the  discussion  of  the  evening  on  the  subject,  ^^  The  Origin 
of  Instinct."  Bashpord  Dean, 

Secretary  pro  tern. 


Stated  Meeting. 

January  20th,  1896. 

The  Academy  met  with  Vice-President  Stevenson  in  the 
chair.     There  were  about  twenty  (20)  persons  present. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

Dr.  J.  Caumeight  was  nominated  for  resident  member,  and 
the  nomination  was  referred  to  the  Council. 

The  Section  of  Geology  and  Mineralogy  then  organized. 

The  first  paper  of  the  evening  was  by  E.  0.  Hovey,  on 
*'  The  New  Discoveries  of  Rare  Minerals  on  Fort  Washington 
Avenue  and  the  New  Speedway."  Dr.  Hovey  exhibited  a  very 
large  crystal  of  tourmaline,  about  9^  inches  long  and  4  inches 
in  diameter ;  and  also  some  unusually  large  specimens  of  xeno- 

•  77ic  /Salient  Points  in  the  Science  qfthe  Earth.    London,  1893,  pp.  285,  286. 
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time  and  monazite,  and  mentioned  many  others  that  had  been 
found  in  association  with  these.  The  paper  was  discussed  by 
the  Secretary.  It  appears  in  full  in  the  Bulletin  of  the  Ameri- 
can Museum  of  Natural  History,  Yol.  VII.,  341,  November,  1 895. 

The  second  paper  of  the  evening  was  by  J.  P.  Kemp  and  T. 
Q.  White,  entitled  ^^ Additional  Notes  on  the  Petrography  and 
Distribution  of  Trap  Dikes  in  the  Region  of  Lake  Champlain." 
The  paper  appears  in  full  later  in  this  volume. 

The  third  paper  was  by  W.  D.  Matthew,  on  "  The  Metamor- 
phism  of  Triassic  Coals  by  Diabase  Dikes  at  Egypt,  N.  C."  It 
is  to  be  found  on  a  subsequent  page. 

The  last  paper  was  by  J.  J.  Stevenson,  on  **  The  Cerillos  Coal 
Fields  near  Santa  Pe,  N.  M."     The  paper  is  printed  below. 

The  Academy  then  adjourned. 

J.  P.  Kemp, 

Recording  Secretary. 

THE  CERRILLOS  COAL  FIELD. 

By  John  J.  Stevenson. 

CONTENTS. 

Page. 

Introduction 106 

Geological  structure  of  the  area 107 

The  Eruptive  Rocks 108 

The  Laramie 110 

The  White  Ash  coal  bed Ill 

Boyle  mine Ill 

Lucas  mine 113 

Cunningham  mine 113 

White  Ash  mine 114 

The  **CokingSeam" 115 

The  Cook- White  coal  hed 116 

Characteristics  of  the  Coals 117 

Chemical  composition  of  the  White  Ash  bed 117 

Chemical  comi)oeition  of  the  Cook-White  bed 119 

Cause  of  the  Metamorphism  of  the  Coal 120 

Prof.  Kemp's  Notes  on  the  Eruptive  Rocks. 121 

The  Rio  Galisteo  rises  in  east  central  New  Mexico  and  flows 
westward  to  the  Rio  Grande.  Its  bed  is  on  the  Dakota,  Colo- 
rado and  Montana,  but  the  streams  from  the  south  drain  the 
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Laramie  area  known  for  many  years  as  the  Placer  coal  field. 
Its  basin  lies  south  from  the  Spanish  ranges,  the  last  continuous 
portion  of  the  Rocky  Mountains.  The  Placer  Mountains,  con- 
sisting largely  of  eruptive  rocks,  are  about  25  or  30  miles  south 
from  Sante  F^,  and  the  patch  of  Laramie  bordering  upon  them 
is  probably  only  a  detached  portion  of  the  area  extending  south- 
ward for  a  long  distance.  Other  "  lost  mountains  "  apparently 
similar  in  character  to  the  Placer  are  seen  on  the  borders  of 
that  area  further  south. 

The  Placer  Mountains  were  so  named  because  the  auriferous 
gravels  on  their  northern  side  have  been  worked  in  a  small  way 
b}'  the  Mexicans.  The  water  supply  is  so  insignificant  that  de- 
spite the  extraordinary  richness  of  the  gravels  the  amount  of 
gold  obtained  has  been  little  more  than  suflacient  during  many 
years  for  the  Sante  P^  jewelers.  Latterly,  the  Laramie  coals 
have  been  mined  very  extensively  and  new  names  have  been 
applied  to  the  more  prominent  localities,  so  that  the  Placers 
are  now  the  Ortiz  Mountains,  and  the  Placer  coals  are  in  the 
Cerrillos  coal  field,  the  latter  appellation  being  taken  from  petty 
hills  beyond  the  Galisteo,  containing  the  celebrated  turquoise 
mine,  which  was  worked  for  centuries  by  the  Pueblo  Indians. 

The  Galisteo  area  possesses  much  interest  because  of  the  sin- 
gular diversity  of  opinion  existing  among  those  who  have  stud- 
ied the  region.  Marcou,  Newberry,  Le  Conte,  Hayden,  Cope 
and  Stevenson  published  notices  bearing  especiall}"^  upon  the  re- 
lations of  beds  underlying  the  Laramie.  Newberry  and  Steven- 
son described  the  Laramie  beds,  though  only  after  reconnais- 
sance fashion ;  both  of  these  writers  recognized  the  transition 
from  bituminous  to  anthracite  coal  in  a  single  bed  and  found 
the  cause  in  a  great  dike  following  the  face  of  the  Placer  or  Or- 
tiz Mountains. 

During  August  of  this  year  the  writer  had  an  opportunity  to 
spend  a  few  days  in  studying  a  small  portion  of  the  I.aramie 
area — that  controlled  by  the  Cerrillos  Coal  Company.  This, 
lying  southward  from  Waldo  and  Cerrillos  (stations  on  the 
Atchison,  Topeka  and  Santa  F^  Railroad),  is  barely  a  mile  and 
a  half  wide  from  east  to  west  and  somewhat  more  than  four 
miles  long  from  north  to  south.  Its  eastern  boundary  is  Ortiz 
or  William's  Spring  canon.  About  half  a  mile  west  is  Coal 
canon,  which  reaches  further  south  and  is  somewhat  deeper  than 
the  other.  The  space  between  the  two  canons,  in  the  area 
esi)ecially  under  consideration,  is  irregular,  being  cut  by  shallow, 
longitudinal  gorges  opening  at  the  north  into  a  rapidly  deepen- 
ing channel-way,  which  begins  almost  on  the  brow  of  Coal 
caiion  and  leads  to  Ortiz.    Further  northward,  a  mesa  continues 
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for  a  little  distance  bub  thence  the  surface  becomes  irregular 
and  broken.  Southwardly,  the  surface  rises  to  the  Ortiz  moun- 
tains. 

Waldo  station,  where  are  the  coke  works  of  the  Cerrillos 
Coal  Company,  is  at  the  mouth  of  Coal  canon ;  two  miles  above 
it,  in  the  canon,  is  the  village  of  Madrid,  where  one  finds  the 
Company's  ofiSces. 

This  area  shows  apparently  all  the  workable  coal  beds  of  the 
Laramie,  and  probably  contains  the  greater  part,  if  not  practi- 
cally all  of  the  anthracite.  It  exhibits  the  gradations  from 
bituminous  to  anthracite,  as  well  as  some  phenomena  in  struc- 
ture, familiar  enough  elsewhere,  but  previously  unrecognized 
here.  The  student  now  finds  better  opportunities  for  investiga- 
tion than  did  the  geologists  already  named,  as  the  mining  oper- 
ations have  become  extensive,  and  definite  opinions  can  be 
reached  concerning  matters  respecting  which,  under  other  con- 
ditions, only  conjectures  could  be  oflTered. 

Several  mines  have  been  opened  in  Coal  canon,  the  most  im- 
portant being  in  the  immediate  vicinity  of  Madrid  ;  the  Lucas, 
at  the  southerly  end ;  the  Cunningham,  at  the  village,  and  the 
White  Ash,  immediately  north  from  it.  These  are  all  on  the 
upper  or  White  Ash  bed ;  two  mines  on  the  lower  or  Cook- 
White  beds  are  within  the  village  limits  but  are  not  worked.* 

Geological  Structure  op  the  Area. 

No  anticline  occurs  and  the  dip  is  almost  east,  N.  85°  E.,  but 
on  Coal  canon,  at  about  a  third  of  a  mile  below  the  White  Ash 
mine,  the  beds  show  very  rapid  northward  dip  for  half  a  mile. 
Ordinarily  the  rate  does  not  exceed  15°  or  16°,  but  occasionally 
for  a  short  distance  it  is  much  greater. 

No  rocks  older  than  the  Laramie  occur  anywhere  within  the 
area  under  consideration  except  near  Galisteo  River,  where  beds 
of  the  Fort  Pierre  stage  are  reached.  But  great  masses  of 
trachyte,  both  as  dykes  and  as  intrusive  sheefs,  form  a  charac- 
teristic feature  of  the  anthracite  area  and  extend  to  half  a  mile 
or  more  toward  the  west. 

The  Eruptive  Rocks, — The  most  southerly  point  visited  is  on 
Coal  canon  at  probably  four  miles  above  its  mouth,  where  one 
of  the  thinner  coal  beds  was  coked  six  or  seven  years  ago.  There, 
as  clearly  enough  for  a  mile  further  up  the  canon,  the  easterly 
wall  is  capped  by  trachyte,  50  to  100  feet  thick  on  the  edge  of 

*  The  writer  is  under  man^  obligations  to  Mr.  James  Duggan,  Superintendent,  and 
Mr.  Porterfield,  Engineer  of  the  Coal  Company,  for  information  which  otherwise  he 
could  not  have  obtained.  Mr.  Charles  J.  Devlin,  General  Manager  of  Coal  Properties 
of  the  Atchison,  Topeka  and  Santa  Y^  Railroad  Company,  courteously  Airnished 
copies  of  the  analyses  of  the  coals. 
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the  mesa,  but  increasing  rapidly  in  the  side  canons,  where  it  has 
suffered  less  from  erosion.  Further  down,  especially  near  Mad- 
rid, irregular  erosion  of  the  wall  shows  that  this  sheet  dips  with 
the  stratified  rocks.  Its  northern  limit  is  at  the  road  leading 
from  Madrid  to  Ortiz  canon,  whence  northward  the  mesa  is 
lower.  Following  that  road  beyond  its  summit,  which  is  at  the 
westerly  edge  of  the  mesa,  one  finds  an  unbroken  mass  of  the 
trachyte  south  of  the  road,  extending  almost  to  Ortiz  canon  and 
apparently  continuous  southward  to  the  Ortiz  Mountains,  all 
overlying  beds  having  been  removed  by  erosion.  As  far  as  could 
be  ascertained,  only  a  narrow  dyke-like  strip,  not  more  than  70 
feet  wide,  extends  northward  beyond  the  road  and  terminates 
near  the  bluff  overlooking  the  White  Ash  pit.  The  mass  south 
from  the  road  is  interrupted  in  a  petty  cafion  and  in  like  man- 
ner b}'  Ortiz  canon  itself,  Laramie  rocks  being  exposed  in  both. 
It  is  cei*tainly  thinner  in  these  canons,  for  coal  beds  are  shown 
in  the  former  at  several  yards  higher  than  an  exposure  of  the 
trachyte  little  more  than  100  yards  further  west.  There  seems 
to  be  good  reason  for  believing  that  the  sheet  broke  across  the 
strata  near  Ortiz  cafion  so  as  to  rest  on  higher  beds  there  than 
in  Coal  cafion. 

Erosion  has  cut  this  sheet  into  long  strips  between  Coal  and 
Ortiz  canons  so  as  to  make  it  resemble  a  series  of  dikes — a  re- 
semblance increased  by  the  abrupt  change  in  course  at  a  little 
way  west  from  Ortiz  canon.  But  the  slopes  of  the  White  Ash 
and  Lucas  mines  have  passed  underneath  this  mass,  the  former, 
now  3100  feet  long,  extending  to  within  a  few  feet  of  Ortiz 
canon,  and,  therefore,  practically  beyond  the  limit  of  the  sheet. 

A  very  distinct  dike,  4  feet  wide,  was  seen  in  a  little  side 
canon  just  below  the  old  Boyle  mine  on  Coal  canon.  It  passes 
directly  into  the  overlying  mass,  but  its  northward  extent  could 
not  be  ascertained.  Another,  fully  12  feet  wide,  is  shown  at 
Madrid,  near  the  Company's  store;  it  passes  through  the  village 
and  soon  becomes  a  conspicuous  feature  northward,  along  the 
westerly  side  of  Coal  canon.  These  are  distinctly  dikes,  with 
the  stratified  rocks  in  direct  contact  on  both  sides ;  but  the^'  are 
evidently  branches  from  a  deeper  sheet,  which  does  not  come  to 
the  surface  along  Coal  cafion.  The  broader  dike  does  not  reach 
to  the  upper  sheet  near  Madrid,  for  it  has  not  been  crossed  in 
the  Lucas  mine. 

Two  years  ago  the  coal  company  drilled  a  hole,  beginning  on 
the  mesa  west  from  Coal  cafion.  The  lower  sheet  of  trachyte 
was  reached  at  about  200  feet  from  the  surface  and  proved  to 
be  almost  200  feet  thick.  It  outcrops  in  a  shallow  cafion  at  the 
west,  along  which  it  can  be  traced  southward  into  rugged  hills 
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rising  some  hundreds  of  feet  above  the  mesa.  On  the  road 
from  Madrid,  and  considerably  south  from  the  bore-hole,  this 
rock  is  crossed  in  an  arroye  at  a  higher  elevation  than  in  the 
hole,  so  that  there  it  has  burst  through  the  stratified  rocks  to 
form  a  dike  which  is  continuous  with  the  hills  already  referred  to. 

The  lower  sheet  extends  northward  further  than  does  the 
upper,  but  disappears  before  the  northern  face  of  the  mesa  has 
been  reached,  for  no  traces  of  it  were  seen  along  the  road  or 
along  that  face,  where  the  exposures  are  very  distinct.  The 
thinning  out  and  abrupt  termination  of  this  sheet  have  caused 
the  rapid  and  abnormal  northward  dip  shown  in  Coal  canon  and 
in  the  northerly  levels  of  the  White  Ash  mine  at  half  a  mile 
from  the  crop,  where  it  is  very  annoying. 

As  already  stated,  the  appearance  of  these  sheets  at  more  than 
one  locality  is  precisely  that  of  typical  dikes,  but  there  is  no 
possible  dispute  respecting  the  intrusive  character  of  the  upper 
sheet,  still  more  than  150  feet  thick  in  places,  for  the  slopes  of 
mines  on  the  White  Ash  bed  have  passed  underneath  it  to  its 
eastern  limit  without  crossing  any  eruptive  rock  whatever ;  and 
the  lower  sheet  is  equally  proved, for  in  the  bore-hole  the  Waldo 
coal  bed  occurs,  with  the  Miller^s  Oulch  coal  hed^  at  the  proper 
distance  below,  increased  by  the  thickness  of  the  trachyte.  The 
structure  in  this  coal  field  is  extremelj'  like  that  in  the  Anthra- 
cite range  of  Colorado,  as  described  by  Dr.  Cross ;  *  the  Ortiz 
Mountains  being  the  main  mass  whence  extended  the  sheets, 
which  may  have  been  joined  by  dikes  filling  fissures  formed  dur- 
ing the  intrusion  of  lava. 

The  region  further  south,  where  gold  mining  has  been  carried 
on  for  many  years  in  a  very  small  way,  has  always  been  re- 
garded as  badly  cut  up  by-dikes.  In  the  Cerrillos  coalfields  the 
expected  amount  of  coal  was  small  because  of  the  enormous 
dikes,  while  in  the  gold  field  boring  for  water  was  thought  to  be 
useless  for  the  same  reason.  But  the  dikes  have  proved  to  be 
sheets  in  the  Cerrillos  region  and  there  is  good  reason  for  sup- 
posing that  they  are  sheets  in  the  gold  field,  for  several  holes 
drilled  in  1895  have  yielded  a  good  supply  of  water. f 

The  Laramie  Bocks. — The  Laramie  or  highest  stage  of  the 
Rocky  Mountain  Cretaceous  is  represented  by  light  yellowish 
to  gray  sandstones  and  gray  to  black  shales.  For  the  most  part 
the  sandstones  are  deficient  in  cementing  matter  and  weather 
readily,  the  thicker  beds  showing  a  cavernous  surface  at  the  out- 
crop and  their  fragments  assuming  a  spherical  or  oval  shape. 


*  Whitman  Cross.    The  laccolitic  mountains  groups  of  Colorado,  Utah  and  Arizona. 
In  the  Hth  Ann.  Rep.  of  U.  S.  Q.  S.,  pp.  157-241.    Fig.  81.  p.  187. 

t  For  description  of  the  rocks,  see  notes  by  Prof.  J.  F.  Kemp,  appended  to  this  paper. 
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Occasionally  the  thinner  beds  or  those  less  massive  are  harder 
and  sometimes,  though  rarely,  a  bed  of  comparatively  hard  rock 
is  found  which  answers  fbr  building  in  a  region  where  the  rain- 
fall is  not  great  and  the  chief  enemy  to  durability  is  the  extreme 
range  of  temperature.  The  proportion  of  shale  is  greater  than 
at  more  northern  localities  and  short  sections  are  similar  to  those 
obtained  in  the  coal  measures  of  Ohio  and  western  Pennsylva- 
nia. As  in  the  Rocky  Mountain  areas,  limestone  is  apparently 
wanting,  no  bed  having  been  seen. 

The  regular  dip,  the  persistence  of  the  sandstones  and  the  ab- 
sence of  vegetation  make  exposures  numerous  and  continuous 
along  the  caiions.  At  the  same  time  the  entire  absence  of  lime- 
stones and  the  notable  similarity  of  the  sandstones  render  the 
making  of  a  general  section  somewhat  difficult,  for  no  means  is 
available  except  that  of  direct  tracing,  which  is  often  perplexing 
in  passing  from  one  caHon  to  another.  The  sandstones  for  the 
most  part  appear  to  be  non-fossiliferous,  the  only  distinct  im- 
pression being  that  of  a  cypress  in  a  sandstone  above  the  White 
Ash  coal  bed.  The  highest  sandstone  of  the  section,  which,  how- 
ever, is  evidently  far  from  being  the  highest  bed  in  the  field, 
contains  abundance  of  silicified  wood  at  about  half  a  mile  north 
of  east  from  Madrid. 

The  coal  beds  are  very  numerous,  there  being  nine  within  77 
feet  below  the  While  Ash  seam,  but  only  one  of  those  is  more 
than  a  foot  thick,  and  several  of  them  are  not  persistent  in  ail  of 
the  sections.  The  very  considerable  thickness  of  shale  and  the 
extensive  deposits  of  sandy  clay  overlying  several  of  the  beds 
suggest  that  the  depression  after  the  bed  was  formed  must  have 
been  gradual  and  that  this  area  must  have  been  at  a  consider- 
able distance  from  the  even  slightly  elevated  mainland  at  the 
north. 

It  is  unnecessary  at  this  time  to  give  detailed  sections,  as  this 
paper  is  merely  preliminary  *  and  has  for  its  purpose  only  the 
presentation  of  such  facts  as  bear  upon  the  condition  of  certain 
coal  beds.  The  essential  features  are  given  in  the  folllowing 
section,  the  unimportant  coal  beds  being  omitted : 

1.  Sandstones  and  shales 250' 

2.  White  Ash  coal  bed 2'  6"  to      V 

3.  Sandstones,  shales  and  thin  coal  beds 70' 

4.  (7oaZ  6ed,  coking 1'       to      2' 6" 

5.  Sandstones,  shale  and  thin  coal  beds 40' 

6.  CoaZ  6eef  and  shale 2'       to      6' 

*  A  sadden  illneas  brought  the  writer's  studies  to  an  end  before  the  work  was  fln" 
ished  and  the  imperfect  results  are  presented  only  because,  as  far  as  they  go,  tliey  ap. 
pear  to  possess  some  Interest. 
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7.  Sandstone  and  shale 40' 

8.  Cook'  White  coal  bed S' 

9.  Sandstone,  shale  and  thin  coal  beds,  about  150' 

10.  Waldo  coal  bed 4' 

11.  Sandstone,  shale  and  thin  coal  beds 250' 

12.  Miller's  Gulch  coal  bed 3' 

13.  Sandstone,  shale  and  thin  coal  beds 200' 

14.  Fort  Pierre  shales 

The  Fox  Hills  stage  of  the  Rocky  Mountain  region  is  not 
represented  in  this  area. 

The  sandstone  at  the  top  of  the  section  is  shown  on  a  tri- 
angular hill  in  Coal  canon  half  a  mile  below  the  White  Ash  mine. 
It  is  comparatively  fine-grained,  soft,  yellow;  evidently  the  same 
sandstone  is  shown  near  Ortiz  canon,  where  it  contains  silicified 
trunks  of  trees.  Some  of  the  fragments  which  have  weathered 
out  are  of  large  size,  one  having  been  seen  which  is  about  2' 
thick  and  3  feet  long.  This  silicified  wood  is  by  no  means  so 
beautiful  as  that  seen  in  some  portions  of  California  and  Nevada, 
or  even  as  that  from  the  Chalcedony  Park,  of  Arizona,  but  the 
replacement  is  complete  and  the  structure  of  the  wood  is  dis- 
tinct in  many  of  the  specimens.  This  sandstone  passes  below 
higher  beds  at  the  east,  just  beyond  Ortiz  canon. 

The  White  Ash  coal  bed,  known  as  the  Boyle,  Lucas  or  White 
Ash  vein,  is  the  important  bed  of  the  Cerrillos  district  and  the 
only  one  now  worked  to  any  extent.  It  outcrops  on  the  easterly 
side  of  Coal  cafion,  where  it  was  examiiied  from  about  two  miles 
above  Madrid  to  its  disappearance  below  the  surface  at  about  a 
mile  below  that  village.  It  was  opened  long  ago  at  several 
places  and  the  coal  was  carted  several  miles  to  the  nearest  rail- 
yfB.y  station. 

The  Boyle  mine,  about  a  mile  and  a  half  above  Madrid,  the 
most  extensive  of  the  old  openings,  is,  like  the  other  old  pits, 
almost  shut  and  the  coal  cannot  be  reached,  but  fragments  on 
the  dump  show  that  the  coal  is  anthracite.  Another  opening 
was  seen  in  a  small  side  canon,  less  than  a  quarter  of  a  mile  fur- 
ther down,  which  shows 

Coal ; 1'  2" 

Clay 1'  3" 

Goal 2'  3" 

Coaly  shale 0'  5" 

The  distance  to  the  bottom  of  the  upper  trach^^te  sheet 
is  about  50  feet,  but  the  upper  35  feet  of  the  interval  is  con- 
cealed; at  the  Boyle  mine  it  is  barely  10  feet  and  on  the  op- 
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posite  side  of  the  little  canon  it  is  less  than  20  feet  with  the  con- 
tact concealed.  The  coal  is  roofed  by  1  foot  7  inches  of  lami- 
nated shale,  black  at  the  bottom,  with  7  feet  6  inches  of  clay  and 
6  feet  of  sandstone  above. 

The  upper  division  of  the  coal  is  evidently  the  "  rider  "  coal 
of  openings  further  down.  The  lower  division  shows  no  distinct 
partings  but  has  a  streak  of  *'  bone,"  sometimes  6  inches  thick 
but  very  irregular  and  often  absent.  The  coal  varies  much  but 
is  anthracite  in  both  divisions.  For  the  most  part,  it  compares 
well  with  any  from  Pennsylvania,  though  the  lustre  is  less  bril- 
liant, but  some  portions  are  rudely  prismatic  and  have  a  gray- 
ish black  tint  not  unlike  that  of  the  Rhode  Island  graphitic 
anthracite.  The  coal  is  jointed  and  slipped  throughout  and  in 
many  portions  the  surfaces  of  fracture  resemble  those  of  Ken- 
tucky birdseye  cannel. 

The  coaly  shale  below  rests  on  shaly  clay  which  passes  grad- 
ually into  impure  fireclay. 

Numerous  pits  have  been  opened  further  down  the  cafion,but 
no  systematic  mining  has  been  done  above  Madrid,  where  one 
comes  to  the  Lucas  mine.  A  fine  breaker  with  a  daily  capacity 
of  800  tons  has  been  erected  there  at  the  terminus  of  a  branch 
railway  from  Waldo  station,  about  two  miles  distant  on  the 
Atchison,  Topeka  and  Santa  ¥4  railway. 

The  section  exposed  along  the  tramway  leading  from  the  mine 
to  the  breaker  is 

1.  Debris 10' 

2.  White  Ash  coal  bed 2'  6" 

3.  Clav  shale 8' 

4.  Oodi 4"-  5" 

5.  Sandstone  and  shale 6' 

6.  Shale 8" 

7.  Goal 2" 

8.  Clay  and  shale 3' 

9..  Coal 8"-10" 

10.  Black  shale  or  clay   T  8" 

1 1.  Sandstone,  seen 3' 

The  "  rider''  coal  bed  seen  near  the  Boyle  mine  at  only  1'  3" 
above  the  main  seam  is  represented  here  by  an  irregular  seam, 
several,  sometimes  6  feet  above,  the  interval  being  filled  with 
clay,  which  forms  the  roof  in  this  mine — a  roof  which  would  be 
regarded  as  very  insecure  in  a  moist  climate,  but  which  proves 
a  source  of  very  little  anxiety  in  this  arid  spot,  to  which  all  the 
water  consumed  must  be  brought  by  rail.  The  White  Ash  coal 
is  from  2'  4"  to  2'  7"  thick  near  the  mouth  of  the  slope,  but 
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within  the  mine  it  sometimes  becomes  4  feet,  though  seldom  ex- 
ceeding 3  feet.  The  Sandstone,  No.  11,  is  an  insignificant  fea- 
ture here  and  for  some  distance  beyond,  but  below  the  White 
Ash  mine  it  becomes  a  well-marked  horizon. 

The  slope  in  the  Lucas  mine  is  somewhat  more  than  1,000  feet 
long  toward  the  south  of  east  and  levels  have  been  set  off  both 
right  and  left  at  distances  of  approximately  100  feet,  so  that  a 
large  amount  of  coal  has  been  removed.  The  bed  dips  regu- 
larly almost  toward  the  east  and  the  fall  along  the  slope  is  about 
26  feet  per  hundred. 

The  coal  as  seen  in  the  breaker  gives  evidence  of  having  been 
subjected  to  great  pressure ;  some  portions  have  been  so  crushed 
and  rolled  that  the  coal  is  laminated  as  much  as  that  from  some 
Vespertine  localities  in  Virginia,  and  the  polished  surfaces,  often 
curved,  are  frequently  not  more  than  one-fourth  of  an  inch  apart. 
Yet  the  fragments  have  been  so  consolidated  as  to  bear  hand- 
ling fairly  well  and  to  yield  in  the  breaker  a  large  proportion  of 
marketable  coal.  Other  iK>rtions,  yielding  less  waste,  show 
equally  well  the  effect  of  movement  and  consequent  crushing, 
for  they  are  jointed  in  two  systems  and  often  break  into  rhom- 
boidal  prisms.  In  still  other  portions  the  influence  of  disturb- 
ance is  not  shown,  for  large  specimens  with  conchoidal  fracture 
like  that  of  the  Pennsylvania  anthracite  exhibit  the  type.  The 
bed  contains  some  **  bone^'  at  this  mine,  but  the  thickness  is  un- 
important and  its  distribution  very  irregular. 

The  most  profitable  coal  is  found  in  the  1st  and  2d  levels 
south ;  that  in  the  Sd  and  4th  is  of  excellent  quality,  but  some- 
what inferior  to  the  other ;  in  the  other  southerly  levels  the  coal 
becomes  less  and  less  good,  so  that  at  the  end  of  the  slope, 
about  1,000  feet  from  the  crop,  the  quality  is  quite  inferior. 
The  northerly  levels  all  reach  coal  so  tender  as  to  be  unprofit- 
able ;  the  southerly  boundary  of  the  tender  coal  approaches  the 
slope,  so  that  it  is  reached  in  the  4th  level  north  at  only  400  feet. 

The  Cunningham  mine,  at  the  lower  end  of  the  village  of 
Madrid  is  about  1,100  feet  long.  It  entered  tender  coal  almost 
at  once  and  its  first  level  southerly  was  carried  to  within  about 
500  feet  of  the  first  northerly  level  of  the  Lucas. 

The  White  Ash  mine,  below  Madrid,  and  the  most  extensive 
in  this  region,  was  opened  and  much  coal  taken  from  it  before 
the  present  company  secured  control  of  tbe  territor3\  At  the 
time  of  examination  the  slope  had  been  driven  3,100  feet  and  its 
face  was  almost  under  Ortiz  cafion,  being  practically  at  the 
angle  between  that  cafion  and  the  irregular  ravine  followed  by 
the  road  from  Madrid.    Two  ^*  rider  coals  "  within  twelve  feet 

TiUitBAcnoNS  N.  Y.  Acad.  Sci.,  VoL  XV.,  Sig.  8,  April  10, 1896. 
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above  the  main  coal  were  exposed  in  this  mine  by  a  fall  of  the 
roof. 

The  dip  is  from  10  to  12  degrees,  the  slope  being  off  the  line 
of  greatest  dip,  but  in  the  5th  level,  northerly,  an  abrupt  change 
to  45  degrees  was  found,  which  continued  for  but  a  short  dis- 
tance. Only  two  faults  have  been  encountered,  the  larger  one 
having  a  throw  of  17^  The  most  serious  trouble  is  on  the 
northerly  side,  where  a  great  sandstone  ^^  horseback "  several 
hundred  feet  long  and  at  one  place  75  feet  wide  replaces  the 
coal.    The  bed  is  from  4  to  7  feet  thick. 

The  coal  varies  as  in  the  Lucas  mine.  The  best  is  hard,  makes 
but  little  dirt,  burns  freely  and  has  about  89  per  cent,  of  vola- 
tile combustible,  yielding  by  actual  test  about  10,000  cubic  feet 
of  gas  per  ton.  It  shows  abundant  evidence  of  crushing  and 
disturbance,  but  bears  handling  well  and  for  the  most  part  the 
"  run  of  mine  "  is  shipped.  But  another  grade  occurs,  in  quan- 
tity sufficient  to  cause  serious  annoyance  and  loss.  It  is  the 
"  soft "  coal  to  which  reference  has  been  made  already.  It  is 
dull,  sometimes  slightly  granular  in  appearance,  is  so  tender 
that  it  can  be  crushed  between  the  fingers.  Most  fragments 
exhibit  on  the  smoother  surfaces  a  typical  cone-in-cone  struc- 
ture, with  occasionally  a  suggestion  a€  wrinkling,  such  as  is 
shown  by  Siberian  graphite.  The  friability  is  such  that  no  use 
has  been  found  for  this  coal  and  it  is  thrown  on  the  dump  as 
waste. 

The  marketable  coal  is  obtained  for  the  most  part  from  the 
northerly  levels;  the  tender  coal  is  reached  in  the  first  level 
south  at  800  feet  from  the  slope  and  it  has  been  followed  thence 
for  1,300  feet  into  the  old  Cunningham  mine,  where,  as  alread3^ 
stated,  it  prevails  to  the  end  of  southerly  levels  or  to  within 
about  500  feet  of  the  first  level,  north  of  the  Lucas  mine.  This 
level  has  been  in  the  tender  coal  for  150  feet,  so  that  the  north 
and  south  face  of  the  unmarketable  coal  is  more  than  3,000  feet 
along  Coal  cafion.  The  slopes  of  the  White  Ash  and  Lucas 
mines  are  approximately  parallel,  the  amount  of  divergence  be- 
ing unimportant  in  this  connection.  The  southern  boundary  of 
tender  coal  in  the  Lucas  mine  approaches  the  slope ;  the  northerly 
boundary  of  the  tender  coal  approaches  in  like  manner  the  slope 
of  the  White  Ash,  so  that  the  end  of  the  slope  in  each  mine  had 
reached  inferior  coal  at  the  time  of  my  visit.  But  it  is  very  cer- 
tain that  not  all  of  the  area  within  these  limits  is  occupied  by 
inferior  coal,  for  in  the  White  Ash,  sixth  level  north,  the  poor 
coal,  reached  at  125  feet  from  the  slope,  was  but  325  feet  wide 
and  passed  into  excellent  anthracite,  which  was  followed  for  125 
feet. 
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The  passage  from  bituminous  coal  to  anthracite  is  through 
this  crushed  coal  and  is  gradual.  According  to  the  statement 
of  Mr.  Porterfield,  the  coal  company's  engineer,  the  change 
ftrom  crushed  to  anthracite  is  completed  within  50  feet  as  shown 
in  the  sixth  level.  The  anthracite  comes  in  at  the  bottom  and 
thickens  gradually,  the  crushed  coal  being  replaced  by  the  lami- 
nated and  that  by  harder,  almost  homogeneous  coal  showing  lit- 
tle trace  of  disturbance. 

Several  abandoned  openings  were  seen  below  the  White  Ash 
mine.  The  Greene  slope  was  stopped  at  1,100  feet  because  the 
coal  pinched  out,  and  another,  just  beyond,  was  stopped  at  250 
feet  for  the  same  reason.  This  disappearance  of  the  coal  may 
be  connected  with  the  great  ^^  trouble  "  already  mentioned  as  oc- 
curring in  the  White  Ash.  At  this  last  opening  begins  the  very 
rapid  northward  and  northeastward  dip  already  mentioned  as 
due  to  the  disappearance  of  the  lower  trachyte  sheet.  Several 
trial  pits  expose  the  coal  as  it  descends  quickly  toward  the  floor 
of  the  cafion,  where  it  is  last  shown  at  the  bottom  of  a  hill, 
opposite  the  point  of  a  spur  from  the  west  side,  at  perhaps  half 
a  mitk  below  the  White  Ash  mine. 

There  remain  to  be  noticed  in  connection  with  this  bed  only 
the  old  openings  in  a  narrow  irregular  cafion  immediately'  west 
from  Ortiz  (William's  Springs)  cafion.     The  section  is 

1.  Shale  and  clay 8'-10' 

2.  Coal 2'    8" 

Shale 3" 

Goal 11"  3' 10" 

3.  Shale 2" 

4.  Coaly  shale  or  shaly  Coal 10"        4'  10" 

The  coal  is  distinctly  anthracitic  and  it  was  mined  years  ago 
to  be  carried  in  wagons  to  Cerrillos  station.  The  place  of  this 
bed  was  not  determined  satisfactorily,  as  the  little  canon  is 
almost  cut  off  by  the  trachyte  overflow.  It  seems  to  be  higher 
than  the  White  Ash,  but  its  dip  should  carry  it  far  below  the 
surface  at  the  junction  with  Ortiz  canon  and  so  bring  very  near 
to  that  bed. 

The  Coal  bed,  No.  4,  the  Coking  seam,  is  from  1'  6"  to  2'  thick 
and  is  roofed  by  6  feet  of  drab  clay,  on  which  rests  a  6-inch 
streak  of  coal.  It  was  mined  years  ago  at  2  miles  or  more 
above  Madrid,  where  it  yielded  a  good  coal,  which  was  coked  in 
ricks  upon  the  ground.  The  ricks  were  numerous  and  several 
hundreds  of  tons  of  coke  must  have  been  made.  Fragments 
lying  on  the  ground  show  that  the  quality  was  far  fVom  being 
inferior.     The  interest  attaching  to  this  bed  is  in  the  fact  that 
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at  not  more  than  70  feet  higher  is  the  hard  anthracite  of  the 
White  Ash  J  And  at  more  than  80  fe^t  lower  is  the  Cook- White 
bed,  whose  coal,  if  not  anthracite,  is  certainly  much  changed. 
A  trial  pit  was  seen  in  this  bed  near  the  Boyle  mine,  but  it  had 
fallen  shut.  This  may  be  the  bed  opened  on  the  west  side  of 
the  cafion  at  somewhat  less  than  half  a  mile  below  the  White 
Ash  mine. 

I'he  Cook-White  or  Bed  Ash  coal  bed.  No.  8  of  the  section,  is 
not  worked  at  present.  Its  outcrop  is  shown  on  the  east  side 
of  Coal  canon  from  a  short  distance  below  the  White  Ash  mine 
to  somewhat  more  than  a  mile  above  Madrid ;  but  below  the 
Boyle  mine  the  floor  of  the  cafion  begins  to  rise  so  rapidly  that 
there  is  no  reason  to  suppose  that  the  bed  will  be  reached  again 
in  that  direction,  and  its  outcrop  must  be  sought  further  west. 

An  imperfect  exposure  at  about  a  mile  and  a  quarter  from 
Madrid  shows : 

Coal 6" 

Coal V  shale 6" 

Coal. 8" 

with  the  bottom  not  reached.  Another  old  pit  somewhat  fur- 
ther down  shows  a  slight  difference : 

Coal 10" 

Clay 4" 

Coal V    6" 

and  the  bottom  is  not  shown.  An  opening  near  the  ball-ground 
has  fallen  shut,  but  fragments  on  the  dump  as  well  as  on  the 
dump  of  another  old  pit  near  the  railroad  tank-house  show  that 
the  coal  has  undergone  material  change  and  that  much  of  it  is 
anthracitic.  A  pit,  now  closed,  behind  the  company's  store  at 
Madrid  is  said  to  have  yielded  some  natural  coke,  which  is  by 
no  means  improbable  as  the  dyke,  so  conspicuous  farther  down 
the  canon,  passes  very  near  the  mouth.  An  old  pit,  directly  un- 
der the  mouth  of  the  Cunningham  mine,  shows : 

1.  Shales  . 9' 

2.  Coal 0'  6" 

3.  Black  shale 1'  3" 

4.  Clay 4' 

5.  Coal,  seen 2'  6" 
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the  dip  being  15  degrees  almost  due  east.  No  work  has  been 
done  here  for  a  long  time,  but  in  the  early  summer  of  1895  a 
shipment  w^as  made  from  another  opening  at  the  lower  end  of 
Madrid.  This  coal  is  very  tender,  such  as  hardly  to  bear  hand- 
ling, and  in  many'  ways  resembles  the  more  tender  portions  of 
the  Pocahontas  coal ;  but  it  is  much  less  friable  than  the  poorer 
varieties  of  the  White  Ash.  The  latter  have  apparently  little 
value  as  steam  producers,  the  flame  being  drawn  away  from  the 
coal  as  soon  as  the  draught  is  put  on ;  but  the  Cook-White  coaly 
as  tested  by  a  late  shipment,  proves  to  be  excellent  as  a  steam 
producer.  The  purchaser  imagined  from  its  appearance  that  it 
would  be  a  good  gas  coal,  but  when  tested  it  is  said  to  have 
yielded  but  2,000  feet  per  ton,  equivalent  to  about  8  per  cent,  of 
volatile ;  this,  however,  does  not  accord  with  the  results  of 
analysis  as  given  later  on. 

The  last  exposure  seen  is  in  the  long  side  cut  on  the  railroad 
below  the  White  Ash  mine,  where  the  bed  is  2'  8''  thick  and 
single.  Its  coal  appears  to  be  bituminous,  but  the  crop  is  so 
decomposed  th^t  any  positive  statement  respecting  its  character 
cannot  be  given.  The  bed  passes  below  the  surface  at  a  short 
distance  beyond  this  exposure. 


Characteristics  of  the  Coals. 

The  most  interesting  feature  of  this  region  is  the  distinct 
transition  of  bituminous  coal  into  anthracite  as  exhibited  in  a 
single  bed.  At  one  time  wagons  carrying  bituminous  coal, 
others  carrying  semi-bituminous  and  still  others  loaded  with 
anthracite,  could  be  seen  in  the  same  train  as  it  was  hauled  out 
of  the  White  Ash  mine. 

The  composition  of  the  best  bituminous  coal,  that  obtained  in 
the  northerl}*^  levels  of  the  White  Ash  mine,  is  shown  by  the 
following  analysis  (W.  D.  Church.) 

Water 2.00 

Volatile  Matter 39.00 

Fixed  Carbon 53.76 

Ash 5.24 

Total 100.00 

Coke 69.00 

Sulphur 0.032 

The  eoke  is  strong  and  tough.  The  saipe  chemist  gives  the 
following  as  the  composition  of  the  ash : 
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Silica 26.93 

Alumina 32.41 

Oxide  of  iron 3.96 

Calcium  oxide 24.68 

Magnesium  oxide 10.32 

Calcium  sulphate 0.21 

Alkalies  and  loss 1.49 

Total 100.00 

The  calcium  oxide  is  derived  from  calcium  carbonate,  which 
appears  as  stains  and  occasionally  as  crystalline  plates  along 
the  cleavage.  The  color  of  the  ash  is  light  yellowish  gray; 
phosphorus  is  only  0.006 ;  and  the  specific  gravity  of  the  coal  is 
1.410. 

The  composition  of  an  average  sample  of  the  anthracite  em- 
bracing nut,  stove  and  egg  sizes,  taken  from  the  bins  at 
Topeka,  is  (W.  D.  Church). 

Water 0.16 

Volatile  matter 1.04 

Fixed  Carbon 93.02 

Ash 6.78 

Total 100^0 

Sulphur 0.117 

The  ash  consists  of 

Silica 32.14 

Alumina 36.68 

Oxide  of  Iron 12.85 

Calcium  oxide 8.19 

Magnesium  oxide 5.11 

Calcium  sulphate 0.18 

Sodium  oxide 1.38 

Potassium  oxide 3.69 

Total 100.00 

Phosphorus 0.0033 

The  color  of  the  ash  is  given  as  reddish  ochre.  The  specific 
gravity  varies  from  1.537  to  1.540. 

These  analyses  show  some  curious  variations  in  composition 
of  the  ash,  there  being  a  very  notable  increase  in  the  proportions 
of  silica,  alumina,  oxide  of  iron  as  well  as  of  alkalies,  while  there 
is  a  very  striking  decrease  in  calcium  and  magnesium  com- 
pounds. The  volatile  matter  has  been  removed,  yet  the  ash  re- 
mains practically   the   same.     These  variations  are  not  easil}' 
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explained,  unless  we  regard  the  coal  as  originally  different  in 
composition  at  the  White  Ash  and  Lucas  localities,  since  the' 
anthracite  owes  its  origin  not  to  longer  continuance  of  the  pro- 
cess of  conversion  from  vegetable  to  coal,  but  to  the  prompt 
action  of  heat  causing  metamorphism. 

The  distance  between  good  bituminous  coal  and  good  anthra- 
cite is  little  more  than  2,000  feet  along  the  strike ;  but  it  must 
be  remembered  that  the  anthracitic  character  is  not  lost  ab- 
ruptly in  the  northerly  levels  of  the  Lucas  mine ;  the  change 
takes  place  gradually,  so  that  even  where  the  mining  ceased  at 
500  feet  north  from  the  slope  much  of  the  coal  is  very  good.. 
Mining  was  stopped  because  the  coaMs  so  much  broken  as  to  be 
wasted  in  the  breaker.  It  should  be  remembered  also  that  the 
space  between  the  Whit^  Ash  and  Lueas  contains  some  anthra- 
cite of  the  best  quality,  as  was  proved  in  the  sixth  level,  south 
of  the  former  mine.  At  the  same  time  there  is  every  reason  to 
believe  that  a  very  great  portion  of  the  space  between  the  two 
mines  is  occupied  by  the  "  tender"  coal,  showing  gradual  transi- 
tion  from  anthracite  to  bituminous. 

The  Cook' White  bed,  sibout  150  feet  below  the  White  Ash, 
shows  a  similar  change  in  character,  though  analyses  have  not 
been  made  of  the  different  grades.  Fragments  on  the  dumps  of 
old  openings  south  from  Madrid  shows  that  the  coal  is  anthra-. 
cite.  At  the  lower  end  of  Madrid,  about  midway  between  the 
Lucas  and  White  Ash  mines  and  almost  directly  under  the  en- 
trance to  the  Cunningham  mine,  the  coal  of  the  lower  bed  is 
tender,  but  less  so  than  that  from  the  upper  bed,  even  in  the 
Cunningham.  An  analysis  of  coal  from  this  mine  by  W.  D. 
Church  gives  its  composition  as 

Water 1.10 

Volatile  Matter 30.20 

Fixed  Carbon .60.94 

Ash 7.76 

Total 100.00 

which  shows  that  it  contains  much  less  volatile  than  the  White 
Ash  at  a  little  way  farther  north.  The  results  of  this  analysis 
do  not  agree  with  those  of  a  test  of  two  carloads.  The  coal 
was  supposed  from  its  appearance  to  be  rich  in  gas,  but  the 
trial  is  reported  to  have  shown  a  yield  of  only  2,000  cubic  feet 
per  ton.  As  White  Ash  co&l  yields  about  10,000  cubic  feet  of 
gas  per  ton,  it  would  appear  that  the  Cook-White  coal  from  this 
pit  should  average  not  more  than  eight  per  cent,  of  volatile. 
No  anal^'ses  of  this  coal  have  been  made  from  any  locality 
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lower  down  the  cafion  and  none  of  the  pits  seen  is  in  condition 
to  give  samples  fit  for  analysis.  But  this  bed  should  yield 
bituminous  coal  near  the  White  Ash  mine  if  the  change  toward 
the  normal  condition  continue  northward.  An  opening  in  Mad- 
rid is  reported  to  have  yielded  some  natural  coke  near  its 
mouth. 

The  thin  coal  beds  above  the  middle  of  the  interval  between 
the  principal  beds  are  bituminous  and  show  no  evidence  of 
change,  even  at  two  miles  or  more  above  the  Lucas  mine,  where 
they  yielded  excellent  coal  for  coke.  These  l)eds  are  badly  cut 
by  clay  seams,  the  coal  being  replaced  at  times  for  several  feet. 
Such  complete  replacement  of  the  coal  occurs  very  rarely  in  the 
White  Ash  and  is  unknown  in  the  more  southerly  mines. 

Cause  of  the  Metamorphism  of  the  Coal. 

As  already  stated,  both  Dr.  Newberry  and  the  writer  found 
the  cause  of  metamorphosis  in  heat  of  eruptive  rock  in  contact 
with  the  coal.  The  observations  recorded  in  this  paper  seem  to 
confirm  that  opinion,  which,  when  first  presented,  was  rather  a 
suggestion  than  a  conclusion,  the  facts  being  known  imperfectly. 
The  centre  of  eruption  being  in  the  Ortiz  mountains,  only  two 
or  three  miles  south  from  the  area  examined,  the  metamorphism 
ought  to  be  more  marked  as  that  centre  is  approached.  That  is 
distinctly  the  condition,  for  at  the  most  southerly  pit  showing 
the  coal  well,  the  anthracite  is  very  hard  and  in  part  resembles 
the  Rhode  Island  coal ;  but  the  change  is  less  and  less  toward 
the  north  until  normal  coal  is  reached  in  the  White  Ash  mine 
below  Madrid. 

The  gradation  is  equally  clear  in  the  coal  of  the  Cook-White^ 
but  the  small  beds  between  the  main  seams  appear  to  contradict 
the  hypothesis,  as  they  are  decidedly  bituminous  at  half  a  mile 
be3'ond  the  locality  where  the  White  Ash  yields  the  hardest  an- 
thracite. This  condition,  however,  may  be  explained  by  the 
fact  that  the  beds  are  not  continuous ;  the  clay  seams  would 
prevent  the  passage  of  heat  from  one  portion  to  another. 

The  conditions  at  several  localities  show  that  mere  proximity 
to  a  mass  of  eruptive  rock  is  insufiScient  to  produce  any  mate- 
rial change  in  the  coal.  The  lower  plate  is  only  8  to  10  feet  be- 
low the  Waldo  coal  bed  in  the  bore  hole  west  from  Coal  canon, 
but,  though  200  feet  thick,  it  has  had  no  appreciable  effect  upon 
the  coal.  The  interval  between  the  White  Ash  bed  and  the 
upper  plate  shows  insignificant  variations  along  the  mesa  front 
in  Coal  cafion,  and  the  interval  must  be  approximately  the  s&me 
in  the  newer  portions  of  the  White  Ash  mine;  yet  in  the  Lucas 
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mine  and  all  points  examined  south  from  it  the  coal  is  anthra- 
cite ;  whereas  at  all  points  north  from  it  to  the  border  of  the 
eruptive  rock  one  finds  only  transition  coal. 

Direct  contact  appears  essential  to  change.  The  occurrence 
of  anthracite  in  the  6th  level  south  of  the  White  Ash  mine  sug<p 
gests  that  the  upper  plate  comes  down  to  the  coal  for  a  short  dis- 
tance before  changing  its  coarse  into  higher  beds  of  the  section, 
or  possibly  that  a  dike  exists  there  like  that  in  the  upper  part 
of  Coal  cafion.  If  direct  contact  be  necessary  there  is  no  diffi- 
culty in  explaining  the  decreasing  extent  of  change  obser^'.ed  in 
the  coal  as  one  follows  it  from  the  centre  of  eruption. 

The  cause  of  the  crushed  or  friable  coal  is  not  far  to  seek,  the 
limits  of  that  material  being  fairly  well  defined.  It  is  found 
near  the  border  of  the  upper  plate,  in  the  space  where  the  influ- 
ence of  the  metamorphosing  agent  is  becoming  markedly  less. 
Undoubtedly  the  intrusion  of  the  trachyte  plates,  each  not  far 
from  200  feet  thick,  caused  crushing  of  the  coal  at  all  points  as 
far  north  as  the  edge  of  the  upper  plate,  but  the  effect  appears 
to  be  more  and  more  marked  as  one  passes  northward  from  the 
Lucas  mine ;  for  the  anthracite  soon  shows  a  foliated  structure 
in  spite  of  the  change  in  composition.  Further  down  where  the 
thickness  of  the  upper  plate  becomes  less  and  the  compressing 
power  above  consequently  less,  the  slipping  and  crushing  due  to 
the  intrusion  of  the  lower  plate  would  become  more  effective. 
But  beyond  the  limits  of  that  plate  there  was  only  the  uplifting 
influence  of  the  lower,  and  the  coal  is  not  crushed  sufficiently  to 
injure  it  for  commerical  purposes,  though  the  effect  of  the  cer- 
tainly somewhat  abrupt  displacement  is  distinct  in  the  many 
slickensides  shown  in  all  parts  of  the  White  Ash  mine. 

Prof.  J.  F.  Kemp  describes  the  eruptive  rock  as  a  trachyte 
closely  allied  to  andesite ;  so  that  its  outflow  was  early,  possi- 
bly' at  the  time  of  the  Laramide  elevation,  when  great  outpour- 
ings of  andesite  occurred  in  Colorado,  Utah,  Wyoming  and 
Montana.  It  may  be  true  also  that  these  intrusions  were  prior 
to  the  folding  of  the  beds,  though  the  fact  that  the  sheets  follow 
closely  planes  between  the  strata  is  not  necessarily  decisive 
upon  this  point.  The  feature  of  especial  interest  is  that  the 
coal  was  completely  formed  when  the  disturbance  took  place, 
there  being  not  only  no  evidence  of  pulpiness  but  every  evidence 
that  the  coal  was  hard.  It  was  crushed  into  minute  fragments, 
slickensided  like  the  Utica  shales  of  Franklin  county,  Pa.,  or 
laminated  like  the  Vespertine  coals  of  southwestern  Virginia. 
It  seems,  therefore,  reasonably  certain  that  the  process  of  con- 
version was  complete  before  this  disturbance  began ;  complete 
not  only  in  the  lower  beds,  but  also  in  the  White  Ash,  at  nearly 
900  feet  above  the  bottom  of  the  Laramie. 
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Heat  from  crushing  and  folding  did  not  produce  the  meta- 
morphosis. The  slickensided  coal  of  the  White  Ash  mine  has 
almost  40  per  cent,  of  volatile ;  the  '*  Coking  seam  "  in  the  upper 
part  of  Goal  cafion  is  decidedly  bituminous,  though  the  White 
Ash,  higher  up  the  hill  is  an  almost  graphitoid  anthracite. 

The  facts  appear  to  point  to  but  one  conclusion — that  the 
coal  was  changed  into  anthracite  solel}'  by  contact  of  the  beds 
with  the  enormous  mass  of  eruptives. 

Note. — The  specimens  of  eruptive  rock  obtained  near  Madrid 
were  submitted  to  Prof.  J.  F.  Kemp,  who  has  furnished  the  fol- 
lowing results  of  his  examination. 

1.  Meaa^  Coal  Cafion,  Markedly  porphyritic  rock.  Pheno- 
crysts,  orthoclase  in  excess,  plagioclase  much  rarer ;  hornblende 
abundant,  augite  much  rarer.  The  groundmass  is  both  finely 
crystalline  and  glassy.  The  orthoclase  phenocrysts  are  zonal, 
and  generally  of  six-sided  cross-section  with  extinction  parallel 
to  one  of  the  sides.  The  rock  is  a  trachyte  and  has  the  texture 
of  a  surface  flow. 

2.  Dike  near  Boyle^s  Mine,  Coal  cafi/on. — Markedly  por- 
phyritic. Phenocrysts  of  orthoclase  and  plagioclase,  former  in 
excess;  hornblende  abundant,  augite  much  rarer;  occasional 
quartz.  Some  small  shreds  of  augite  and  hornblende;  magnetite 
and  titanite.  The  rock  is  a  trachyte  and  has  a  texture  not  dif- 
fering essentially  from  a  surface  flow. 

3.  Mesa  above  White  Ash  Mine. — Markedly  porphyritic. 
Phenocrysts  of  both  orthoclase  and  plagioclase,  but  both  show 
strains  and  undulatory  extinctions.  Much  green  hornblende, 
comparatively  little  augite,  titanite,  magnetite;  finely  crystalline 
groundmass  containing  some  glass.  The  rock  is  a  trachyte  and 
has  the  texture  of  a  surface  flow. 

4.  Dike  below  the  White  Ash  Mine, — Porphyritic  structure 
poorly,  if  at  all  developed.  The  rock  is  holocrystalline.  The 
feldspars  are  much  the  most  abundant  minerals  and  orthoclase 
is  more  common  than  plagioclase.  Augite  is  abundant  in  well 
bounded  crystals  and  surpasses  hornblende  in  amount.  Par- 
allel growths  of  the  two  occur.  Magnetite  and  titanite  are 
present.  The  rock  is  a  dike  or  deeper  seated  phase  of  the  others 
and  to  this  owes  its  tendency  to  a  granitoid  structure. 

I  should  think  that  all  four  specimens  were  derived  from  the 
same  igneous  magma  and  eruption,  and  that  the  mineralogical 
variations  and  the  difference  between  the  texture  of  the  last  and 
those  of  the  others  were  not  sufficient  to  make  them  worth}-  of 
different  names.  They  are  all  trachytes  with  close  afl3nities 
for  andesites.     No.  3  in  particular  is  strongly  andesitic. 
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Public   Lecture. 

January  27th,  1896. 

The  second  public  lecture  in  the  course  of  1895-96  was  de- 
livered by  Prof.  R.  E.  Dodge,  of  the  Teacher's  College,  on 
"  The  Physical  Geography  of  New  York  City  and  Neighbor- 
hood." The  lecturer  illustrated  his  remarks  with  an  extensive 
series  of  lantern  views  and  was  attentively  listened  to  by  about 
fifty  persons. 

At  the  conclusion  of  the  lecture  a  vote  of  thanks  was  extended 
the  lecturer. 

J.  F.  Kemp, 

Secretary. 

Extra  Meeting  of  the  Biological  Section. 

January  Slst,  1896. 

An  extra  meeting  of  the  Biological  Section  of  the  Academy 
was  held  on  the  evening  of  January  31st,  in  Hamilton  Hall, 
Columbia  College. 

The  object  of  the  meeting  was  to  hold  a  symposium  and  dis- 
cussion on  the  *^  The  Origin  of  Instinct." 

The  discussion  was  opened  by  Prof.  C.  Lloyd  Morgan,  of 
Bristol,  England.  It  was  participated  in  by  Prof.  J.  Mark 
Baldwin,  of  Princeton  University,  Prof.  J.  McK.  Cattell  and 
Prof.  H.  F.  Osborn,  both  of  Columbia  University,  and  others. 

Nearly  100  persons  were  present. 

J.  F.  Kemp. 
Secretary, 

Regular  Business  Meeting. 

February  3d,  1896. 

The  Regular  Business  Meeting  of  the  Academy  was  held  on 
February  3,  1896,  at  Hamilton  Hall,  Columbia  College.  Presi- 
dent J.  K.  Rees  in  the  chair.     Fifteen  persons  present. 
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The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Secretary  reported  from  the  Council  that  the  following 
persons  were  recommended  as  resident  members  : 

Dr.  Franz  Boas,  Anthropologist  of  the  American  Museum  of 
Natural  History. 

Prof.  Nicholas  Murray  Butler,  Columbia  College. 

Prof.  Wm.  H.  Carpenter,  Columbia  College. 

Dr.  J.  Caumeigt,  228  West  43d  Street,  New  York  City. 

Prof.  Richard  Gottheil,  Columbia  College. 

Prof.  A.  V.  Williams  Jackson,  Columbia  College. 

Prof.  H.  T.  Peck,  Columbia  College. 

Prof.  E.  D.  Perry,  Columbia  College. 

Prof.  Thomas  R.  Price,  Columbia  College. 

Prof.  Henry  A.  Todd,  Columbia  College. 

Mr.  Gilbert  van  Ingen,  Columbia  College. 

Prof.  J.  R.  Wheeler,  Columbia  College. 

Prof.  Jacoby  proposed  the  following  new  members : 
Dr.  W.  S.  Dennett,  8  East  49th  St.,  New  York  City. 
Dr.  T.  A.  Humasson,  42  West  76th  St.,  New  York  City. 

The  Section  of  Astronomy  and  Physics  then  organized. 
After  reading  the  minutes,  the  Secretary  announced  that  Prof. 
Mayer  was  absent  on  account  of  sickness  and  that  consequently 
the  paper  by  him  would  be  postponed  until  the  next  meeting  of 
the  section. 

Prof.  Rees  then  called  the  attention  of  the  section  to  the 
bill  of  Representative  Hurley  for  the  introduction  and  adop- 
tion of  the  metric  system  in  the  departments  of  the  govern- 
ment and  the  country  at  large,  and  urged  that  some  action  be 
taken  by  the  society  looking  to  the  endorsement  of  such  a  bill. 
It  was  decided  to  leave  the  discussion  of  this  bill  to  a  meeting 
of  the  Academy  later  in  the  evening. 

Prof.  Harold  Jacoby  then  read  a  paper  "  On  the  Reduction  of 
Astronomical  Photographs  taken  near  the  Pole  of  the  Heav- 
ens," and  explained  that  the  method  consisted  in  taking  a  photo- 
graph of  the  pole  of  the  heavens  with  a  telescope  stationary 
with  reference  to  the  earth.     Under  these  circumstances  each 
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circuTn-polar  star  traces  the  are  of  a  circle  on  the  plate  exactly, 
and  from  a  micrometric  study  of  these  curves  it  is  possible  to 
locate  the  pole  exactly  and  also  to  determine  the  right  ascen- 
sion and  declination  of  these  stars.  The  method,  if  carried  out 
through  a  number  of  years,  would  result  in  valuable  additions  to 
our  knowledge  of  the  variation  of  latitude,  precession  of  the 
equinoxes,  nutation  and  aberration  constants. 

The  meeting  of  the  Section  then  adjourned. 

On  the  adjournment  of  the  Section  of  Astromony  and  Physics 
the  business  meeting  was  resumed,  President  J.  E.  Rees  in  the 
chair. 

After  considerable  discussion  regarding  the  adoption  of  the 
metric  system,  which  resulted  f^om  the  paper  previously  pre- 
sented by  Prof.  J.  K.  Rees,  the  following  resolution  was 
adopted,  with  the  understanding  that  it  should  be  brought  by 
the  Secretary  before  the  Sections  of  Biology  and  Geology  and 
then  go  to  the  Council,  so  that  it  might  be  acted  upon  at  the 
annual  meeting  to  be  held  on  February  24th  : 

^^  Resolved^  That  the  New  York  Academy  of  Sciences  ap- 
proves of  the  adoption  of  the  metric  system  of  weights  and  meas- 
ures at  the  earliest  practicable  moment  and  that  the  Council  of 
the  Academy  be  requested  to  consider  the  matter  with  a  view  to 
bringing  it  before  the  Chairman  of  the  Committee  on  Weights 
and  Measures  in  Congress." 

The  Academy  then  adjourned. 

J.  F.  Kemp, 
Secretary. 


Stated  Meeting. 
February  Tth,  1896. 

Prof.  J.  G.  Curtis  in  the  Chair. 

A  communication  from  the  Council  was  received,  asking  that 
the  section  take  action  on  Representative  Hurley's  bill  ^'  To  fix 
the  standard  of  weights  and  measures  by  the  adoption  of  the 
metric  system  of  weights  and  measures." 
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On  motion  of  Dr.  Dean  the  section'  approved  the  bill  and  the 
Secretary  was  directed  to  express  the  entire  commendation  of 
it  to  the  Council. 

Dr.  Arnold  Graf  read  a  paper  on  "  The  Structure  of  the  . 
Nephridial  in  Clepsine."  He  finds  in  the  cells  of  the  intra-cel- 
lular  duct  fine  cytoplasmic  anastamosing  threads  which  form  a 
contractile  mechanism.  These  are  stimulated  by  granules  which 
are  most  numerous  near  the  lumen  of  the  cell,  and  thus  a  peri- 
stalsis is  set  up  which  moves  the  urine  out  of  the  duct.  In  the 
upper  part  of  the  intra-cellular  duct,  the  two  or  three  cells  next 
to  the  vesicle  or  funnel  have  no  distinct  lumen,  but  are  vacuo- 
lated ;  the  vacuoles  of  the  first  cell  being  small,  those  of  the 
second  larger,  and  so  on  till  the  vacuoles  become  permanent  as 
a  lumen.  He  explains  the  action  of  the  first  cell  as  being  simi- 
lar to  the  ingestion  of  particles  by  the  infusorians.  The  matter 
taken  up  thus  from  the  funnel  by  the  first  cell  is  carried  by  the 
rest,  and  so  on  till  the  cells  having  a  lumen  are  reached.  The 
presence  of  the  excretum  causes  the  granules  to  stimulate  the 
muscular  fibres  of  the  cells ;  peristalsis  results  and  the  substance 
is  carried  outward.  The  character  of  this  contractile  reticulum 
offers  an  explanation  of  the  structure  of  a  cilium  an  being  the 
continuation  of  a  contractile  reticular  thread. 

N.  R.  Harrington,  in  "  Observations  on  the  lime  gland  of  the 
Earthworm,"  described  the  minute  structure  of  these  glands  in 
Lumhricus  terrestris^  and  showed  that  the  lime  is  taken  up  from 
the  blood  by  wandering  connective  tissue  cells  which  form  club- 
shaped  projections  on  the  lamellse  of  the  gland,  and  which  pass 
off  when  filled  with  lime.  The  new  cell  comes  up  from  the  base 
of  the  older  cell  and  repeats  the  process.  This  explanation  is 
in  harmony  with  the  fact  that  in  all  other  invertebrates  lime  is 
laid  down  by  connective  tissue  cells.  Histological  structure 
and  the  developmental  history  confirm  it. 

Dr.  Bashford  Dean  offered  some  observations  on  "  Instinct 
in  some  of  the  lower  Vertebrates."  The  young  of  Amia  calva^ 
the  dogfish  of  the  Western  States,  attach  themselves,  when 
newly  hatched  to  the  water  plants  at  the  bottom  of  the  nest 
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which  the  male  Amia  has  built.  The}'  remain  thus  attached 
until  the  yolk  sac  is  absorbed.  As  soon  as  they  are  fitted  to 
get  food  they  flock  together  in  a  dense  cluster  following  the 
male.  When  hatched  in  an  aquarium  they  go  through  the  same 
processes.  The  young  fry  take  food  particles  only  when  the 
particles  are  in  motion,  never  when  they  are  still.  The  larvae  of 
Necturus  also  take  food  particles  that  are  in  motion. 

C.  L.  Bristol. 
Secretari/k 

Stated  Meeting. 

February  17th,  1896. 

The  Academy  met  with  Vice-President  Stevenson  in  the 
chair.     About  fifty  persons  were  present. 

The  minutes  of  theUast  meeting  were  read  and  approved. 

The  section  of  Geology  and  Minerology  then  organized. 

The  Secretary  presented  the  resolutions  regarding  the  bill  for 
the  introduction  of  the  Metric  System  of  weights  and  measures 
as  adopted  by  the  section  of  Astronomy  and  Physics  on  Febru- 
ary 3rd.  It  was  approved  by  the  section  of  Geology  and  refer- 
red to  the  Council. 

The  regular  program  was  then  taken  up. 

The  first  paper  was  presented  by  Mr.  L.  McI.  Luquer,  entitled 
"  Notes  on  recent  Accessions  of  Interesting  Minerals,"  with 
exhibitions  of  specimens.  Mr.  Luquer  described  in  detail  the 
minerals  that  he  had  recently  discovered  at  the  feldspar  quar- 
ries in  the  northeastern  part  of  Westchester  County.  They  in- 
cluded uraninite,  autunite,  uranophane,  washing  tonite  and  the 
common  minerals  of  pegmatite  veins.  He  showed  that  the  veins 
occurred  in  close  association  with  an  area  of  augen-gneiss,  re- 
garded as  intrusive  and  now  being  studied  by  himself  and  Mr. 
Heinrich  Ries. 

The  second  paper  of  the  evening  was  by  J.  F.  Kemp,  entitled 
the  "  Cripple  Creek  Gold  Mining  District  of  Colorado."    The 
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paper  was  illustrated  by  about  thirty  lantern  views^  most  of 
which  were  taken  by  the  speaker  during  the  last  summer,  and  by 
an  extensive  series  of  specimens  of  rocks  and  ores. 

After  a  brief  historical  review,  the  region  was  described  in 
detail,  without,  however,  introducing  anything  essential  that  is 
not  already  contained  in  the  Cripple  Creek  Atlas  Folio  of  the 
United  States  Geological  Survey,  which  was  prepared  bj' 
Messrs.  Cross  and  Penrose. 

The  Academy  then  adjourned. 

J.  F.  Kemp, 

Secretary, 


Annual  Business  Meeting. 
February  24th,  1896, 
The  Academy  met  with  President  Rees  in  the  Chair. 
Fifteen  persons  were  present. 

The  Minutes  of  the  last  meeting  were  read  and  approved. 
The  following  names  were  presented  for  resident  membership : 
Mr.  B.  L.  Godkin,  No.  36  W.  10th  St, 
Dr.  E.  G.  Love,  No.  80  East  35th  St, 
Mr.  Reginald  Gordon,  Columbia  College, 

and  were  referred  to  the  Council.     Israel  C.  Pierson,  Ph.  D., 
was  nominated  as  Fellow. 

The  Academy  then  listened   to  the  annual  reports   of  [the 
officers. 

The  first  one  was  that  of  the  Secretary  as  follows : 

*'  The  year  past  has  been  in  many  respects  the  most  successful 

in  the  history  of  the  Academy  and  we  may  feel  encouraged  that 

the  Academy  seems  to  be  advancing  more  and  more  toward  the 

place  that  it  ought  to  occupy  in  the  intellectual  life  of  the  city." 

"  During  the  year  there  have  been  held  nine  Meetings  of  the 
Council ;  nine  Business  Meetings ;  twenty  stated  Meetings  of 
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the  Academy,  of  which  one  in  the  early  fall  failed  of  a  quorum ; 
six  Public  Lectures ;  one  Public  Reception. 

The  section  of  Astronomy  and  Physics  has  held  eight  meet- 
ings having  generously  surrendered  one  to  a  public  lecture.  The 
Sections  of  Biology  and  Geology  have  each  held  nine.  The 
average  attendance  at  the  meetings  of  the  first  has  been 
eighteen,  a  gain  of  four  over  last  year.  At  the  second  the  at- 
tendance has  averaged  forty,  one  meeting,  February  10th,  not 
having  been  reported,  a  gain  of  fifteen,  which  are  especially  due 
to  two  extra  meetings  in  the  nature  of  symposia.  The  Geologi- 
cal section  has  averaged  twenty-five  a  gain  of  five. 

"  A  total  of  seventy-eight  papers,  not  counting  public  lectures, 
has  been  presented,  divided  as  follows  : 

Anatomy 3,  Microscopy 1 , 

Astronomy 10,  Mineralogy 4, 

Bacteriology ....   1,  Paleontology 10, 

Botany 2,  Physics  7, 

Chemistry 1,  Physiology 1, 

Geology 20,  Psychology 1, 

Mechanics, 3,  Travel   1, 

Memorial 1,  Zoology 12, 

Total T8. 

•*  Forty  resident  members  have  been  elected,  eight  have  re- 
signed, and,  so  far  as  known,  three  have  died,  making  a  net 
total  on  the  Secretary's  list  of  246,  a  gain  of  30  over  last  year. 
Two  corresponding  members  have  been  elected. 

''  A  most  important  step  has  been  the  practical  establishment 
of  a  new  section  in  Philosophy  and  Philology,  which  will  select 
an  appropriate  name  and  begin  activities  during  the  new  year. 
Other  departments,  such  as  Psychology  and  Anthropology,  are 
as  yet  not  specially  grouped  in  the  sections. 

"The  public  reception  has  become  a  regular  feature  of  the 
year  and  has  attracted  very  gratifying  comment.  The  one  held 
last  March  required  a  catalogue  of  54  pages,  which  was  dis- 
tributed, bound  up  with  Volume  XIV.  of  the  Transactions. 

Transactions  N.  Y.  Acad.  Sci.,  Vol.  XV.,  Slg.  9,  May  4, 1896. 
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"  Sixteen  signatures  and  forty-nine  plates  of  Volume  XIV.  of 
the  Transactions  have  been  issued  during  the  year,  and  the  vol- 
ume was  distributed  in  September.  It  proved  to  be  the  largest 
volume  of  the  Transactions  yet  issued.  Parts  6-12  of  Volume 
XIII.  of  the  Annals  have  also  been  issued,  bringing  this  volume 
to  a  close.  Four  signatures  of  Volume  XV.  of  the  Transac- 
tions have  been  printed  and  four  or  five  more  are  now  in  press. 
Volume  IX.  of  the  Annals  has  has  also  been  begun.  An  im- 
portant departure  has  been  made  in  the  beginning  of  a  quarto 
series  of  Memoirs,  of  which  Part  I.  of  Volume  I.  is  now  ready 
for  distribution. 

The  second  one  was  the  Treasurer's  report,  and  was  referred  to 
the  Finance  Committee  for  auditing.    The  report  was  as  follows : 

Report   of  the  Treasurer  of  the  New  York   Academy  of 
Sciences  for  the  Ytxn  Ending  March  24th,  1896. 

receipts. 

Balance  on  hand  at  last  annual  report. 

Current  Account, $843.93 

Savings  Bank  Account, 639.64  $1,483.5T 

Annual  dues,  1892, 10.00 

"            ''     1893, 50.00 

"            "     1894, 125.00 

"            "     1895, 1,755.00 

"            "     1896, 70.00     2,010.00 

Initiation  Fees, 110.00 

Patrons'  Fees, 750.00 

Life  Members'  Fees, 1,000.00 

Interest  on  Investments  and  Deposits, 215.89 

Contributions  towards  Expenses  of  Second 

Annual  Reception, 120.00 

Contributions   to    Huxley   Memorial  Fund 

(held  for  payment  to  General  Committee),  105.00    2,300.89 

$5,794.46 
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DISBURSEMENTS. 

Expenses  of  Publishing  Transactions, $1,081.14 

"                      "            Annals, 50.80 

"              Recording  Secretary, 80.24 

"              Treasurer, 28.39 

"              Librarian 60.00 

"              Lecture  Committee,  85.00 

"              Special  Membership  Committee,  51.50 

"              Second  Annual  Reception,....  808.27 

Janitorial  Services, 94.50 

Insurance  Premiums, 20.00 

Dues  to  Scientific  Alliance, $138.00  $2,487.84 

Balance  on  hand.  Current  Account,     $312.59 
Balance  of  General  Fund  in  Sav- 
ings Bank, $2,994.03  $3,306.62 

"  During  the  year  the  Committee  on  the  Audubon  Monument 
have  turned  over  to  the  Treasurer  a  balance  of  $1,T9T.25,  re- 
maining in  their  hands  after  payment  for  the  monument,  and 
this  has  been  deposited  in  the  Savings  Bank  under  the  title 
"  Audubon  Publication  Fund." 

The  present  assets  of  the  Academy  are  as  follows : 

ASSETS. 

Balance  of  Current  Account,  mentioned  above, $312.59 

Balance  of  General  Fund  in  Savings  Bank,  mentioned 

above, 2,994.03 

Annual  dues  in  arrears,  for  1894,    $80.00 

**  "  "  "     1895,  $170.00  260.00 

General  Publication  Fund,  amount  at  last  re- 
port,  $1,752.91 

Interest  since  credited. 70.78     1,823.69 

Audubon  Publication  Fund, 1,797,25 

$4,100  U.  S.  Four  Per  Cent  Bonds,  due  1907  at  110,    4,510.00 

Total,  $11,687.56 
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'^  No  unpaid  bills  remain  in  the  hands  of  the  Treasurer,  and 
he  has  no  official  information  of  any  outstanding  liabilities,  ex- 
cept the  $105.00  collected  and  held  for  the  Huxley  Memorial 
Fund,  included  in  the  balance  of  Current  Account  mentioned 
above.  Respectfully  submitted, 

(Signed)  C.  F.  Cox, 

Treasurer, 

The  Librarian's  report  was  next  submitted,  as  follows  : 

'^  All  publications  received  have  been  stamped  with  the  Acad- 
emy stamp  and  turned  over  to  the  Librarian  of  Columbia  Col- 
lege for  shelving.     Everything  is  properly  distributed  at  date. 

"  The  following  new  exchanges  have  been  added  to  the  mail 
ing  list : 

1.  University  Royale  d'Upsala,  Sweden. 

2.  Kon.  Biologische  Anstalt,  Helgoland. 

3.  Universitat  Jurivensis,  Dorpat,  Russia. 

4.  Astronomical  and  Physical  Society  of  Toronto. 

5.  Rochester  Academy  of  Sciences. 

6.  Missouri  Geological  Survey. 

T.  Chicago  Academy  of  Sciences. 

8.  Oberlin  College  Library. 

9.  University  of  Indiana. 

10.  Free  Library  of  the  Public  Schools,  Huntington,  Ind. 

"  Forty-six  requests  for  back  numbers  of  the  Academy's 
publications  have  been  received  and  attended  to.  Of  these 
twenty-five  were  foreign  and  twenty-one  domestic.  The  foreign 
packages  were  sent  through  the  bureau  of  International  Ex- 
changes, Smithsonian  Institution.  The  domestic  were  sent 
either  by  mail  or  express,  according  to  size.  Express  packages 
were  sent  C.  O.  D.  Sixty-six  letters  were  written  in  answer  to 
inquiries  regarding  back  numbers,  new  exchanges,  subscrip- 
tions, etc. 

"  Sixty-nine  return  acknowledgments  were  sent  for  packages 
of  publications  received. 
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"Nine  dollars  and  seventy-five  cents  ($9.75)  were  received  in 
subscriptions  for  back  numbers  from  non-members.  Requests 
for  back  numbers  from  members  or  from  institutions  on  the  ex- 
change list  were  honored  without  charge. 

"  The  Librarian's  expenses  have  been : 

Postage,    $8.98 

Express, 3.80 

Messenger, 10 

Total, $12.88 

(Signed)  Arthur  Holliok, 

Librarian.^^ 

These  were  followed  by  the  report  of  the  Corresponding  Sec* 
retary,  which  was  verbally  made. 

Members  of  the  Academy  then  asked  about  the  progress  of 
the  new  quarto  series  of  Memoirs  and  about  the  recent  issue  of 
the  Annals. 

It  was  moved  and  carried  that  as  a  token  of  appreciation  on 
the  part  of  the  Academy  that  a  vote  of  thanks  be  passed  to  Mr. 
Butherfurd  Stuyvesant  for  his  generous  contributions  to  the 
publication  ftinds  of  the  Academy,  and  to  Captain  T.  L.  Casey,  TJ. 
S.  A.,  for  his  contributions  toward  the  issue  of  the  Annals. 

Reports  from  the  Secretaries  of  the  several  sections  were  then 
called  for  and  were  given  by  Prof.  Wm.  Hallock  for  the  section  of 
Astronomy  and  Physics;  Prof.  N.  L.  Britton  for  the  section  of 
Biology,  and  Prof.  J.  P.  Kemp  for  the  section  of  Geology  and 
Mineralogy. 

The  Academy  then  proceeded  to  the  election  of  officers  for 
the  ensuing  year.  The  following  received  the  unanimous  vote 
of  the  Academy.  Messrs.  Britton  and  Wade  were  appointed 
tellers. 

For  President,  J.  J.  Stevenson. 
For  First  Vice-President,  H.  F.  Osbom. 
For  Second  Vice-President,  R.  S.  Woodward. 
For  Corresponding  Secretary,  D.  S.  Martin. 
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For  Recording  Secretary,  J.  F.  Kemp. 

For  Treasurer,  C.  F.  Cox. 

For  Librarian,  Arthur  HoUick. 

For  Councilors,  J.  A.  Allen,  N.  L.  Britton,  R.  E.  Dodge, 
William  Hallock,  J.  K.  Rees,  Wm.  Stratford. 

For  Curators,  H.  Q.  Dyar,  G.  F.  Eunz,  L.  H.  Laudy,  Heinrich 
Ries,  W.  D.  Schoonmaker. 

For  Finance  Committee,  Henry  Dudley,  J.  H.  Hinton,  Cor- 
nelius Van  Brunt. 

Newly  elected  President  Stevenson  then  took  the  Chair. 

It  was  moved  and  carried  that  the  evening  of  Monday,  March 
30th,  be  assigned  to  retiring  President  Rees  for  a  Presidential 
address. 

The  Academy  then  adjourned. 

J.  F.  Kemp, 
Secretary, 

Regular  Business  Meeting. 
March  2d,  1896. 

The  Academy  met  with  President  Stevenson  in  the  Chair. 
Twenty-six  persons  were  present. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Secretary  presented  the  following  names  from  the  Coun- 
cil for  resident  membership,  and  on  motion  they  were  all  elected : 
W.  S.  Dennett,  M.  D.,  E.  L.  Godkin,  Reginald  Gordon,  T.  A. 
Humasson  and  E.  G.  Love.     And  for  Fellow,  Israel  C.  Pierson. 

The  following  new  nominations  were  referred  to  the  Council 
in  due  course : 

Professor  Daniel  W.  Bering,  University  Heights,  New  York 
City,  Professor  of  Physics  in  the  University  of  the  City  of  New 
York ;  nominated  by  J.  J.  Stevensen.  Henry  Piffard,  M.  D.,  No. 
10  West  36th  street ;  nominated  by  C.  F.  Cox.  Th.  Weston,  No. 
14  West  48th  street ;  nominated  by  Harold  Jacoby. 

The  Section  of  Astronomy  and  Physics  then  organized. 

The  minutes  of  the  last  meeting  were  ready  and  approved. 
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The  first  business  of  the  evening  was  the  election  of  officers 
for  the  ensuing  year.  Professor  Rees  nominated  R.  S.  Wood- 
ward for  Chairman  and  W.  Hallock  for  Secretary.  On  motion 
the  nominations  were  then  closed,  and  the  motion  was  put  by 
Professor  Rees  to  authorize  Mr.  Wade,  as  teller,  to  cast  the 
ballot  in  favor  of  the  gentlemen  for  the  office  named.  The  mo- 
tion was  carried  and  the  teller  reported  the  vote  cast. 

The  first  paper  of  the  evening  was  upon  the  apparatus  designed 
by  Professor  W.  L.  Robb  for  showing  the  way  in  which  a  cord 
vibrates.  It  consisted  essentially  of  an  electro-magnet  running 
a  vibrating  arm  to  the  end  of  which  the  string  is  attached. 

The  second  paper  was  upon  a  new  form  of  Polariscope,  de- 
signed by  Professor  A.  M.  Mayer,  consisting  of  a  special  ar- 
rangement of  cross  lenses  resulting  in  unusually  good  illumina- 
tions and  large  field. 

The  next  paper  was  upon  the  Heliostat  designed  by  Professor 
Mayer.  In  this  connection  Professor  Mayer  called  attention  to 
the  shortcomings  of  the  various  forms  of  heliostat,  and  especi- 
ally those  using  only  one  mirror,  pointing  out,  among  other 
things,  the  useless  width  of  mirrors  on  such  heliostats  and 
illustrating  what  ought  to  be  the  dimensions  of  such  a  mirror. 
He  also  called  attention  to  the  great  advantage  of  using  sun- 
light for  all  optical  experiments  over  any  form  of  electric  light ; 
for  example,  with  a  heliostat  and  condensing  system  he  was 
able  to  project  the  interference  bands  of  the  Fresnel  bi-prism 
upon  a  screen  so  that  they  are  visible  across  a  large  room. 
Prof.  Mayer^s  heliostat  consists  in  a  clockwork  driving  a  shaft 
parallel  to  the  earth's  axis;  upon  the  southern  end  of  the  shaft 
is  attached  the  mirror  that  can  either  be  adjusted  to  the  shaft  or 
set  at  any  angle  to  the  shaft.  The  second  mirror  is  mounted 
upon  the  base  with  its  central  point  in  the  prolongation  of  the 
shaft.  To  orient  the  heliostat  it  is  only  necessary  to  bring 
the  side  pieces  in  the  north  and  south  line  and  then  set  the 
mirror  on  the  clock  axis.  This  last  is  done  by  covering  the 
elliptical  mirror  with  a  piece  of  paper  having  ^inch  hole  in  the 
center  and  adjusting  the  tiltiug  mirror  until  the  small  beam  of 
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light  reflected  from  the  mirror  through  the  hole  falls  upon  the 
center  of  the  mirror  attached  to  the  base  of  the  instrument; 
then  starting  the  clock  the  instrument  will  keep  the  beam  in  a 
constant  position.  Prof.  Hallock  in  discussing  the  paper  called 
attention  to  the  accuracy  with  which  the  heliostat  operated  and 
related  his  experience  with  a  very  large  one-mirror  heliostat  in 
the  Smithsonian  Institution  at  Washington,  which,  however,  was 
thoroughly  unsatisfactory.  Prof.  Woodward  and  Prof.  Jacoby 
also  entered  into  the  discussion  of  the  relative  merits  of  the 
various  heliostats,  especially  the  typical  one-mirror  and  two- 
mirror  types. 

Prof.  M.  I.  Pupin  then  brought  before  the  Academy  some  re- 
cent observations  he  had  made  while  experimenting  with 
X-rays.  In  the  first  place  he  pointed  out  that  many  Crook's 
tubes  after  a  certain  amount  of  use  had  their  vacuum  improved, 
so  that  the  induction  spark  passed  outside  the  tube  rather  than 
through  it.  Prof.  Pupin  was  at  a  loss  to  altogether  sat- 
isfactorily explain  the  cause,  but  believed  that  it  might  possibly 
be  due  to  the  condensation  of  some  of  the  gas  remaining  in  the 
tube,  and  explained  several  experiments  which  he  had  made 
already  confirming  the  observation  that  the  vacuum  was  im- 
proved with  use,  and  that  in  proportion  as  the  vacuum  im- 
proved the  tubes  were  better  for  X-ray  photography.  Another 
of  the  phenomena  observed  by  him  was  that  in  developing  the 
photographic  plates  the  development  began  at  the  glass  side  of 
the  film  and  not  at  the  outside  of  the  film,  leading  to  the  inference 
that  the  rays  penetrated  the  film  and  rendered  the  glass  fiuores- 
cent,  this  fiuorescent  light  then  acting  upon  the  film.  Following 
the  suggestion  of  this  observation  he  painted  the  inside  of  a  box 
with  platinum-barium-cyanide  and  laid  a  photographic  plate 
against  it,  making  a  photograph  then  through  the  sides  of  the 
box.  The  X-rays  develop  the  fluorescence  in  the  cyanide  and 
then  penetrate  the  plate.  He  obtained  very  good  results  with 
much  shorter  exposures  than  by  the  original  method. 

On  motion  the  meeting  then  adjourned. 

J.  F.  Kemp, 
Secretari/, 
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Stated  Meeting. 

March  9th,  1896. 

In  the  absence  of  regular  business,  the  Section  of  Biology  at 
once  organized,  Prof.  Curtis  in  the  chair,  Dr.  Dyar,  Secretary 
pro  tern.  In  the  absence  of  the  Secretary,  the  reading  of  the 
minutes  was  omitted. 

Mr.  F.  B.  Sumner  read  the  following  paper: 

THE  VARIETAL   TREE  OF  A  PHILIPPINE   PUL- 
MONATE. 

By  Francis  B.  Sumner. 

An  expedition  recently  sent  to  the  Philippine  Islands,  under 
the  direction  of  the  Minnesota  Academy  of  Sciences,  procured 
among  other  things  of  great  value  some  most  interesting  sets 
of  land  shells.  These,  in  addition  to  their  value  to  the  syste- 
matic conchologist,  present  some  striking  examples  of  the  phe- 
nomena of  variation. 

The  accompanying  figure  (see  Plate  VI.,  at  end  of  volume) 
represents  a  varietal  tree,  constructed  by  the  writer  from  shells  of 
the  pulmonate  Cochlostyla  ovoidea^  obtained  on  Masbate  Island. 
The  genus  Cochlostyla  is  a  very  large  one,  comprising,  as  stated 
by  Cooke  (Cambridge  Natural  History,  Vol.  I.,  "Mollusca")  no 
less  than  247  species.  Many  of  the  species  are  of  extreme  vari- 
ability, serving  as  an  excellent  illustration  of  the  law  laid  down 
by  Darwin  that  the  larger  genera  present  as  a  rule  the  most 
variable  species. 

This  species  varies  in  shape,  size  and  color.     In  length,  adult 
specimens  were  found  varying  from  1.05  inches  to  1.80  inches. 
Differences   in  shape  I  determined  by  comparing  the  ratio  of 
length  to  breadth.     In  the  stoutest  specimens,  length  =  1.76  x 
breadth.     In  the  slenderest,  length  =  2.29  x  breadth. 

But  by  far  the  most  striking  differences  are  those  of  color  and 
ornamentation.  These  are  fairly  well,  although  by  no  means 
perfectly  represented  by  the  figure.* 

On  comparing  any  one  of  the  color  varieties  of  this  species 
with  any  other,  I  found  it  possible  to  bridge  over  the  gap  by 

*I  wish  to  here  express  my  Indebtedness  to  Prof.  Henry  F.  Nachtrieb,  for  the  loan 
of  the  set,  and  to  Dr.  £dward  Learning,  for  his  care  In  securing  a  satis&ctory  photo- 
graph. 
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insensible  gradations,  and,  placing  the  most  extreme  forms  at 
the  termini  of  the  branches,  such  a  tree  as  I  have  represented 
was  the  result.  But,  having  once  constructed  such  a  tree,  no 
other  arrangement  is  possible.  We  cannot,  for  example,  pass 
from  6  to  %"  except  in  the  manner  indicated,  i.  e.,  by  passing 
down  one  stem  and  up  the  other.  Indeed,  we  can  give  to  almost 
every  shell  which  was  obtained  a  place  corresponding  to  one  of 
the  numbers  of  the  figure.  A  very  few  slightly  aberrant  forms 
were  found,  to  be  sure,  but  I  thought  it  best  not  to  complicate 
the  tree  by  introducing  them.  Three  such  are  represented  in 
the  right-hand  lower  corner  of  the  figure. 

It  will,  doubtless,  be  asked  why  I  have  assumed  0  to  be  the 
typical  form  and  placed  it  at  the  apex.  This  I  did  for  two 
reasons :  Firstly,  this  variety  preponderates  greatly  in  number. 
Out  of  538  specimens  which  were  obtained,  318  belonged  to  the 
three  central  numbers  of  the  series  (0, 1  and  1')  while  the  re- 
maining 220  (with  a  very  few  exceptions)  belonged  to  the  other 
fourteen  numbers.  Secondly,  the  genus  seems  typically  to  pos- 
sess three  bands.  Of  the  22  species,  or  thereabouts,  obtained 
by  the  expedition,  thirteen  exhibit  bands  either  constantly  or 
occasionally,  and  of  these,  nine  either  constantly  or  occasionally 
exhibit  three  bands.  Moreover,  we  have  reason  to  believe  that 
the  others  have  been  modified  through  the  fusion  or  loss  of 
some  or  all  of  them. 

Examining  our  tree,  we  find  that  the  central  member  (0)  pre- 
sents upon  each  whorl  three  bands  of  approximately  equal  width 
and  equal  depth  of  color,  all  being  of  a  dark  black-walnut  shade. 
Passing  up  the  right  hand  branch  of  the  series,  we  find  that  the 
upper  band  begins  to  narrow  and  to  pale  until  it  is  completely 
lost.  This  happens  also  with  the  lowest  band,  only  this  one 
disappears  a  little  loiter  than  the  upper  one.  The  central  band 
persists  to  the  last  undiminished.  On  the  left-hand  branch, 
we  observe  a  quite  different  transformation.  The  upper  and 
lower  bands  begin  to  lose  their  sharp  outlines,  becoming  blurred 
along  their  edges.  This  process  of  spreading  continues  until 
the  color  has  diffused  itself  toward  the  central  band,  filling  in 
the  white  interspaces.  The  effect  is  the  same  as  if  the  pigment 
had  been  fresh  paint  and  had  been  first  laid  on  in  streaks  and 
then  spread  out  with  a  brush.  From  about  the  position  of  3' 
two  branches  now  lead  off,  presenting  opposite  tendencies.  Both 
agree  in  continuing  this  diffusion  of  color  and  obliteration  of 
the  bands,  but  whereas  on  the  left  hand  side,  the  color  deepens 
and  the  entire  mass  is  now  nearly  as  dark  as  were  the  original 
markings  ;  on  the  right  hand  the  color  pales  and  the  result  is  a 
mustard  tint.     In  the  dark  form,  again,  the  central  band  persists 
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althoagh  no  longer  distinct  in  outline ;  in  the  light  form  there 
is  the  merest  trace  of  this. 

These  varieties  are  named  by  Sr.  Quadras,  a  conchologist  at 
Manila,  as  follows :  0,  he  agrees  with  me  in  regarding  as  the 
type.  "  Those  with  broad  bands  "  (presumably  the  lower  mem- 
bers of  the  left-hand  stem),  var.  euryzona,  "  Those  entirely 
white  "  (he  perhaps  refers  to  the  right-hand  stem,  although  none 
are  entirely  white),  var.  nana.  "  Those  with  yellow  epidermis, 
with  or  without  small  bands  "  (probably  5'  and  6')  var.  opaca. 

It  is  of  especial  interest  to  observe  the  order  in  which  these 
bands  disappear.  Galling  the  bands  in  order  from  top  to  bot- 
tom, A,  B  and  C,  we  have  seen  that  A  is  the  first  to  disappear, 
while  C  soon  follows,  and  that  B  persists  to  the  last  unaltered. 
I  did  not  find  a  single  specimen  which  contradicted  this  rule. 
If  two  bands  were  present,  they  were  invariably  B  and  C,  if 
only  one,  B.  Now,  it  is  interesting  in  this  connection  to  com- 
pare Cochlostyla  ovoidea  with  other  members  of  the  same  genus. 
1  have  only  examined  about  twenty-two  species.  The  following 
are  the  results : 

In  several  species  there  was  a  single  band  occurring  con- 
stantly or  occasionally.     This  was  invariably  B. 

In  one  species  there  was  either  an  entire  absence  of  bands  or 
B  alone  or  B  and  G. 

In  a  number  of  other  species,  the  number  of  bands  varied  from 
one  to  three.  In  these  cases  the  rule  was  adhered  to  with  occa- 
sional exceptions.  Finally,  there  were  a  few  with  all  three  in- 
variably and  a  number  (about  nine)  entirely  destitute  of  mark- 
ings. 

In  the  related  genus  Helix,  which  possesses  typically  five 
bands,  the  central  one  is  the  last  to  disappear. 

Another  phenomenon  of  interest,  illustrated  by  this  set  is 
that  of  correlative  variation.  In  this  species  there  seems  to  be 
some  sort  of  a  correlation  between  size  and  color.  I  measured 
the  length  of  every  shell  obtained  (538  in  all),  and  found  as  a 
result  that  the  average  length  of  all  those  belonging  to  the  cen- 
tral place  (0)  and  to  the  whole  left  hand  branch  was  1 .3  inches. 
The  average  length  of  the  specimens  belonging  to  the  three  ter- 
minal places  of  the  right  hand  stem  was  1 .47.  Those  interme- 
diate between  0  and  the  latter  were  intermediate  in  length.  The 
greater  size  of  the  white  shells  3,  4,  5  and  6,  is  quite  noticeable 
in  the  figure. 

Such  are  the  observable  facts  in  regard  to  these  shells.  Their 
chief  interest  evidently  lies  in  their  relation  to  the  general  prob- 
lems of  variation.  With  the  few  data  which  we  possess,  de- 
finite conclusions  are  premature,  but  it  may  not  be  unprofitable 
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to  seek  some  sort  of  explanation  of  the  facts  we  are  dealing 
with. 

If  we  found  these  successive  modifications  of  the  type  form 
in  successive  geological  strata,  we  should  of  course  conclude 
that  these  varieties  were  on  the  way  to  becoming  species,  in- 
other  words  that  we  had  to  do  with  a  case  of  evolution.  But 
here  we  are  dealing  with  contemporaneous  forms  inhabitating 
apparently  the  same  habitat.  Mr.  D.  C.  Worcester,  who  col- 
lected these  shells,  informs  me  that  he  was  unable  to  discover 
any  evidence  of  local  distribution.  He  states  farther  that,  with 
regard  to  another  Cochlontyla  nearly  as  variable  as  this,  he  can 
state  positively  that  the  various  extremes  are  often  found  feed- 
ing upon  the  same  clump  of  bamboo.  Quadras  writes  that  those 
found  in  the  valleys  are  generally  smaller  than  those  found  near 
the  seashore,  but  mentions  no  local  distribution  in  reference  to 
color.  Moreover  we  have  no  evidence  to  show  that  these  vari- 
ous extremes  do  not  freely  interbreed  or  that  the  most  unlike  of 
them  may  not  hatch  from  the  eggs  of  the  same  parents.  In- 
deed, if  there  is  no  local  distribution,  it  is  inconceivable  that  the 
different  varieties  should  breed  true. 

Consider  also  that  no  theory  of  evolution  yet  offered  is  com- 
petent to  explain  how  these  varieties  can  become  fixed  species. 
Any  theory  which  appeals  to  the  direct  action  of  environment 
has  no  application,  for  here  the  environment  is  the  same  for  all. 
Against  the  operation  of  Natural  Selection  we  can  offer  objec- 
tions equally  valid.  We  should  be  forced  under  this  hypothesis 
to  assign  some  utility  to  these  markings,  the  most  plausible 
view  being  that  they  are  of  protective  value.  But  Mr.  Worcester 
writes,  in  reply  to  a  question  of  mine  on  this  point:  "After 
thinking  the  matter  over  a  good  deal,  I  incline  to  the  opinion 
that  we  have  to  do  here  with  variations  neither  especially  useful 
nor  especially  harmful."  And,  indeed,  it  is  in  the  highest  de- 
gree improbable  that  animals  with  like  habits  could  be  protected 
equally  well  by  such  a  number  of  colors.  Again,  if  Natural 
Selection  were  here  in  operation,  we  should  expect  to  find  the 
terminal  forms  of  the  tree,  i.  e.,  the  most  improved,  to  prepon- 
derate greatly  in  number,  for  Natural  Selection  can  only  operate 
by  the  extinction  of  the  unimproved.  But  a  count  of  the  speci- 
mens finds  the  reverse  to  be  the  case : 

0, 1,  V .318 

2,  3 41 

4,  5,  6 18 

2',  3',  4' 66 

5',  6',  T 16 

4",  5'',  6" 67 

Unolaned 9 
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So  I  think  we  can  find  no  reason  for  believing  that  we  have 
to  do  with  a  case  of  progressive  modification,  however  much 
our  varietal  tree  may  sug^gest  a  genetic  tree.  It  seems  more 
probable  to  suppose  that  even  the  most  extreme  of  these  forms 
may  hatch  from  the  same  batch  of  eggs.  And  here  we  have  a 
beautiful  example  of  the  definite  tendency  of  variation.  Vari- 
ation must  take  place  along  certain  lines  predetermined  by  the 
nature  of  the  organism. 

It  is  to  be  regretted  that  we  have  so  few  biological  data  in 
regard  to  this  and  allied  species.  Future  explorations  will  per- 
haps yield  these. 

Zoological  Labobatoby, 

Columbia  Univbesity,  March,  1896. 

Prof.  Osborn,  in  discussion,  coincided  with  the  view  that  the 
variation  could  not  be  explained  by  natural  selection.  Dr.  Dyar, 
however,  thought  the  explanation  by  natural  selection  not  neces- 
sarily excluded,  since  the  variations  seemed  analogous  to  the 
dimorphism  in  sphinx  larvae,  which  has  been  shown  by  Poulton 
to  be  probably  due  to  this  factor. 

The  other  paper  was  by  Dr.  Arnold  Graf,  on  "  The  Problem 
of  the  Transmission  of  Acquired  Characters." 

Dr.  Graf  discussed  the  views  of  the  modern  schools  of  evolu- 
tionists and  adopted  the  view  that  the  transmission  of  acquired 
characters  must  be  admitted  to  occur.  He  cited  several  ex- 
amples which  seemed  to  support  this  view,  and  especially  dis- 
cussed the  sucker  in  leeches  as  an  adaptation  to  parasitism  and 
the  evolution  of  the  chambered  shell  in  a  series  of  fossil  Cepha- 
lopods. 

Professor  Osborn  remarked  in  criticism  of  Dr.  Grafs  paper 
that  this  statement  does  not  appear  to  recognize  the  distinction 
between  ontogenic  and  phylogenic  variation,  or  that  the  adult 
form  of  any  organism  is  an  exponent  of  the  stirp,  or  consti- 
tution +  the  environment.  If  the  environment  is  normal  the 
adult  will  be  normal,  but  if  the  environment  (which  includes 
all  the  atmospheric,  chemical,  nutritive,  motor  and  psychical 
circumstances  under  which  the  animal  is  reared)  were  to  change, 
the  adult  would  change  correspondingly ;  and  these  changes 
would  be  so  profound  that  in  many  cases  it  would  appear  as  if 
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the  constitutioD,  or  stirp,  had  also  changed.  Illustrations  might 
be  given  of  changes  of  the  most  profound  character  induced  by 
changes  in  either  of  the  above  factors  of  environment,  and  in 
the  case  of  the  motor  factor  or  animal  motion  the  habits  of  the 
animal  would,  in  the  course  of  a  life  time,  profoundly  modify  its 
structure.  For  example,  if  the  human  infant  were  brought  up 
in  the  branches  of  a  tree  as  an  arboreal  type  instead  of  as  a  ter- 
restrial, bi-pedal  type,  there  is  little  doubt  that  some  of  the  well 
known  early  adaptations  to  arboreal  habit  (such  as  the  turning 
in  of  the  soles  of  the  feet,  and  the  grasping  of  the  hands)  might 
be  retained  and  cultivated ;  thus  a  profoundly  different  type  of 
man  would  be  produced.  Similar  changes  in  the  action  of  en- 
vironment are  constantly  in  progress  in  nature,  since  there  is  no 
doubt  that  the  changes  of  environment  and  the  habits  which  it 
so  brings  about  far  outstrip  all  changes  in  constitution.  This 
fact,  which  has  not  been  sufficiently  emphasized  before,  offers  an 
explanation  of  the  evidence  advanced  by  Cope  and  other  writers 
that  change  in  the  forms  of  the  skeletons  of  the  vertebrates  first 
appears  in  ontogeny  and  subsequently  in  phylogeny.  During  the 
enormously  long  period  of  time  in  which  habits  induce  onto- 
genic  variations  it  is  possible  for  natural  selection  to  work  very 
slowly  and  gradually  upon  predispositions  to  useful  correlated 
variations,  and  thus  what  are  primarily  ontogenic  variations  be- 
come slowly  apparent  as  phylogenic  variations  or  congenital 
characters  of  the  race.  Man,  for  instance,  has  been  upon  the 
earth  perhaps  seventy  thousand  years ;  natural  selection  has 
been  slowly  operating  upon  certain  of  these  predispositions,  but 
has  not  yet  eliminated  those  traces  of  the  human  arboreal  habits, 
nor  completely  adapted  the  human  frame  to  the  upright  posi- 
tion. This  is  as  much  an  expression  of  habit  and  ontogenic 
variation  as  it  is  a  constitutional  character.  Very  similar  views 
were  expressed  to  the  speaker  in  a  conversation  recently  held 
with  Professor  Lloyd  Morgan,  and  it  appears  as  if  a  similar  con- 
clusion had  been  arrived  at  independently.  Professor  Morgan 
believed  that  this  explanation  could  be  applied  to  all  cases  of 
adaptive  modification,  but  it  is  evident  that  this  cannot  be  so, 
because  the  teeth  also  undergo  the  same  progressively  adaptive 
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evolution  along  determinate  lines  as  the  skeleton,  and  yet  it  is 
well  known  that  they  do  not  improve  by  use,  but  rather  deterio- 
rate. Thus  the  explanation  is  not  one  which  satisfies  all  cases, 
but  it  does  seem  to  meet,  and  to  a  certain  extent  undermine,  the 
special  cases  of  evidence  of  the  inheritance  of  acquired  charac- 
ters, collected  by  Professor  Cope  in  his  well-known  papers  upon 
this  subject.  Harrison  G.  Dyar,  Secretary  pro,  tern,, 

(per  C.  L.  B.) 


Stated  Meeting. 

March  14th,  1896. 

The  Academy  met  with  President  Stevenson  in  the  chair; 
twelve  persons  present. 

The  minutes  of  the  previous  meeting  were  read  and  approved. 

The  following  nominations  for  resident  membership  were  re- 
ceived and  referred  to  the  Council :  Mr.  Louis  C.  Whiton.  114 
West  76th  St. ;  Mr.  Wm.  F.  Havemeyer,  29  West  19th  St, ;  Prof. 
J.  Dyneley  Prince,  19  West  34th  St.;  Prof.  Charles  B.  Bliss, 
University  Heights,  New  York ;  Prof.  Lawrence  A.  McLouth, 
University  Heights,  New  York;  Dr.  Emil  Leytter,  305  West 
127th  St. ;  Prof.  F.  H.  Giddings,  Columbia  University. 

The  Section  of  Geology  and  Mineralogy  then  organized. 

The  first  paper  of  the  evening  was  by  Mr.  Heinrich  Ries,  on 
'^  A  Visit  to  the  Bauxite  Mines  of  Georgia  and  Alabama."  Mr. 
Ries  described  the  geological  relations  of  the  bauxite  deposits 
of  the  region,  basing  his  remarks  on  notes  taken  last  October. 
The  paper  was  illustrated  by  numerous  lantern  views  and  speci- 
mens and  was  discussed  by  Messrs.  Dodge  and  Kemp. 

The  second  paper  of  the  evening  was  by  Prof.  R.  E.  Dodge, 
on  the  "  Cretaceous  and  Tertiary  Peneplains  of  Eastern  Ten- 
nessee," on  the  basis  of  observations  accumulated  during  two 
summers*  field  work  in  the  region  under  Mr.  C.  W.  Hayes,  of 
the  U.  S.  Geological   Survey.     The   speaker  described  the  geo- 


Digitized  by  VjOOQIC 


144  TRANSACTIONS  OF   THE  [MAR.  14, 

graphic  development  since  the  Cretaceous  period  of  the  country 
lying  west  from  Chattanooga  across  the  Sequatchie  valley  to  the 
Mississippi  river.  The  Cretaceous  and  Tertiary  peneplains  were 
illustrated  by  means  of  maps  and  sections,  and  the  present  de- 
velopment of  the  drainage  system  was  traced  out.  President 
Stevenson,  in  discussing  the  subject,  described  his  own  observa- 
tions in  West  Virginia  and  western  Pennsylvania. 

The  Section  then  proceeded  to  the  election  of  officers  for  the 
ensuing  year :  Professor  J.  J.  Stevenson  was  chosen  Chairman 
and  Professor  J.  F.  Kemp,  Secretary. 

The  Academy  then  adjourned. 

J.  P.  Kemp,  Secretary. 

ON  THE  OCCURRENCE  OF  CIRRIPEDES  IN  THE 
CAMBRIAN  ROCKS  OF  NORTH  AMERICA. 

By  G.  F.  Matthew. 

In  a  revision  of  material  collected  from  the  Cambrian  rocks 
of  Canada  and  Newfoundland,  the  author  has  investigated  some 
peculiar  calcareous  plates  which  occur  at  several  horizons ;  as  a 
result  he  has  come  to  the  conclusion  that  these  are  the  scattered 
tegumentary  plates  of  animals  related  to  the  barnacles. 

These  plates  are  of  various  forms,  but  the  majority  agree  in 
having  a  carina,  usually  nearer  one  side  than  the  other.  From 
the  fact  that  the  plates  are  depressed  on  one  side  of  the  carina 
and  elevated  on  the  other,  it  may  be  inferred  that  they  are  parts 
of  imbricated  series.  Occasionally  plates  are  found  which  are 
convex  on  both  sides  of  the  carina ;  such  plates  are  more  sym- 
metrical than  the  others. 

The  above  plates  differ  from  Plumulites  of  Barrande  in  being 
comparatively  smooth^  the  only  sculpturing  of  the  surface  being 
delicate  growth  lines  near  the  lower  margin. 

Beside  the  above  pl^-tes  there  are  other  plates  marked  by 
sharply  raised,  closely  set  ridges,  parallel  to  the  lower  margin. 
Some  of  these  agree  perfectly  with  Barrande's  Plumulites,  others 
are  more  arcuate,  others  still  have  more  distant  growth  ridges, 
etc. 

Such  is  the  variety  of  form  in  the  smooth  plates  that  it  is 
highly  probable  that  more  than  one  species  (perhaps  more  than 
one  genus)  is  represented.     But  as  the  plates  found  were  de- 
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tached  from  each  other,  and  scattered  over  layers  of  the  shale^ 
it  is  quite  impossible  to  determine  this  point.  For  the  smooth 
plates  I  would  suggest  the  name  Cirripodites.  One  of  these 
plates  and  a  Plumulites  are  figured  below. 


1.  PlumuUies  Manuelensis,  Ma^  \,    From  thesabzone  of  Paradoxides  Davidis, 

Mannel  Brook,  Newfoundland. 

2.  Cirripodites  Acadicus^  triangular  form,  Mag.  f .     From  the  snbzone  of  P. 

Eteminicus,  St.  John,  N.  B.,  Canada. 

All  the  plates  so  far  found  belong  to  the  Paradoxlde  Zone. 
In  America  this  zone  contains  four  subzones,  viz. : 

1.  Subzone  of  P.  lamellatus  (cf.  (Elandicus). 

2.  "  "  P.  Eteminicus  (cf.  rugulosus). 

3.  "  "  P.  Abenacus  (cf.  Tessini). 

4.  "  "  P.  Davidis  (the  highest  subzone). 

In  Sweden  there  are  two  higher  subzones  in  the  Paradoxides 
beds. 

Plates  of  Cirripedes  have  been  found  in  the  second  and  fourth 
subzones ;  and  certain  fossils  which  probably  are  of  this  type  of 
crustacean,  from  the  third  subzone.  The  fossils  from  the  several 
subzones  differ  so  far  as  to  show  that  they  are  probably  of  differ- 
ent genera. 

A  fuller  account  of  these  interesting  fossils  will  be  given  in  an 
article  which  the  author  has  in  preparation,  on  the  Fauna  of  the 
Paradoxides  Zone  in  America. 

In  reference  to  the  use  of  the  generic  names  given  above,  a 
few  words  may  be  said.  Apparently  there  has  been  a  diversity 
of  practice  in  the  use  of  terms  to  designate  these  fossils. 

Dr.  Henry  Woodward*  argues  for  the  use  of  Turrilepas  as 
against  Plumulites,  on  the  ground  of  priority  of  publication. 
Barrande  first  found  Plumulites  in  the  Ordovician  rocks  (Etage 
D.)  of  Bohemia,  whereas  Dr.  Woodward's  Turrilepas  came  from 
the  Silurian,  and  it  seems  altogether  probable  that  they  are  dif- 
ferent genera. 

Dr.  H.  M.  Ami  has  found  plates  in  the  Utica  beds  near  Ot- 
tawa, which  very  closely  resemble  some  of  Barrande's  figures ; 

•Geolog.  Mag.  London,  New  Ser.  Dec.  Hi.,  vol.  vl.,  p.  272. 
Transactions  N.  Y.  Acad.  Sci.,  Vol.  XIV.,  Sig.  10,  June  2, 1896. 
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and  in  the  collections  of  Columbia  College,  New  York,  there  are 
plates  from  the  same  horizon  at  Plattsburg,  N.  Y.,  having  the 
form  and  markings  of  Plumulites.  In  view  of  the  very  diverse 
types  of  Cirripedes  figured  by  Dr.  J.  M.  Clarke,*  in  which  the 
individual  plates  show  no  greater  diversity  of  form  than  those 
called  Plumulites  by  Barrande,  it  seems  to  me  quite  within  the 
range  of  convenient  use  to  utilize  this  term  of  Barrande  for 
detached,  corrugated  plates  of  Cirripedes  of  the  Ordovician  and 
earlier  time.  Perhaps  a  fortunate  happening  of  discovery  shall 
before  long  enable  us  to  relegate  certain  of  them  to  a  more  defi- 
nite genus. 
St.  John,  N.  B.,  Canada,  March,  1896. 


Regular  Public  Lecture. 
March  23d,  1896. 

The  Academy  met  in  the  Law  School  of  Columbia  University 
to  listen  to  the  regular  public  lecture  for  the  month.  Professor 
Stevenson  presided,  and  about  350  people  were  present. 

Before  the  lecture  began  the  following  two  names  were  pre- 
sented for  resident  membership  and  referred  to  the  Council  in 
the  regular  course :  Mr.  A.  S.  Frissell,  Mr.  Thaddeus  R.  White. 

President  Stevenson  then  introduced  Professor  M.  I.  Pupin, 
who  delivered  the  lecture  on  **  Roentgen's  Discovery"  and  illus- 
trated his  remarks  by  experiments  and  the  lantern.  At  the  close 
of  the  lecture  a  vote  of  thanks  was  given  the  lecturer. 

The  Academy  then  adjourned. 

J.  F.  Kemp,  Secretary, 


Stated  Meeting. 

March  30th,  1896. 

The  Academy  met  and  listened  to  an  address  by  the  retiring 
President,  Professor  J.  K.  Rees,  upon  the  subject  "  Some  Prob- 
lems About   to   Confront  Astronomers  of  the  Twentieth  Cen- 

•  Am.  Geologist,  vol.  xvii.,  No.  3,  p.  143. 
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tury."  The  address  appeared  in  fall  in  Science  of  May  15, 1896. 
About  twenty-five  persons  were  present.  At  the  conclusion  of 
the  lecture  the  Academy  adjourned,  after  passing  a  vote  of 
thanks  to  the  lecturer. 


Regular  Business  Meeting. 

April  6th,  1896. 

The  Academy  met  with  President  Stevenson  in  the  chair. 
There  were  about  forty  persons  present. 

The  Secretary  presented  the  following  nominations  from  the 
Council,  all  of  whom  were  elected : 

Henry  M.  Alexander,  Frederick  G.  Beach,  Charles  B.  Bliss, 
James  M.  Donald,  James  Douglass,  Scott  Foster,  A.  S.  Frissell, 
F.  H.  Giddings,  Frank  J.  Gould,  Miss  Helen  Gould,  Thomas  E. 
Greacen,  Wm.  F.  Havemeyer,  Marcellus  Hartley,  Daniel  W. 
Hering,  Edmund  J.  Levine,  Emil  Leytter,  Lawrence  A. 
McLouth,  Alfred  Pell,  Henry  G.  Piffard,  J.  Dyneley  Prince, 
Wm.  T.  Sabine,  Louis  Mann  Silver,  Francis  H.  Stoddard,  James 
Stokes,  Th.  Weston,  Thaddeus  R.  White,  Louis  C.  Whiton. 

The  Section  of  Astronomy  and  Physics  then  organized  and 
listened  to  the  following  program  : 

P.  H.  Dudley,  "The  Law  of  Deflection  Sets  under  Drop 
Tests  in  different  Sections  of  Steel  Rails  of  uniform  physical 
Properties  follows  the  comparative  Moments  of  Inertia  of  the 
respective  Sections." 

Harold  Ji^coby,  "  On  the  Permanence  of  the  Rutherfurd 
Photographs." 

Remarks  by  J.  K.  Rees,  on  :  (1)  "  The  Harvard  College  Ob- 
servatory photographs  of  star  clusters,  planets,  variable  stars 
and  stellar  spectra."  (2)  "  Prof.  J.  E.  Keeler's  photographs  of 
planetar3'  spectra."  Illustrated  by  photographs  and  lantern 
slides. 

M.  I.  Pupin,  "  Communication  of  some  new  Results  of  Experi- 
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ments  with  the  Kontgen  Kays.'*     Experimental  demonstration 
followed  in  the  Electrical  Laboratory  of  Columbia  University, 

J.  F.  Kemp, 
Secretary, 


Stated  Meeting. 

April  13th,  1896. 

The  Academy  met  with  President  Stevenson  in  the  chair. 
Twenty-five  persons  present. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Section  of  Biology  then  organized  and  listened  to  the 
following  program : 

Tarleton  H.  Bean,  "  The  Habits  of  the  Young  of  the  Pacific 
Salmon." 

Oliver  S.  Strong,  '*  A  Case  of  Degeneration  of  the  Optic  Nerve 
in  the  Brain  of  the  Skate,  Baja  erinacea.^^ 

H.  F.  Osborn,  "  A  Mode  of  Evolution  requiring  neither 
Natural  Selection  nor  the  Inheritance  of  Acquired  Characters. 
An  abstract  appears  on  a  subsequent  page. 

J.  F.  Kemp, 
Secretary. 

RECENT  NOTES  ON  BACTERIA. 

By  Harrison  G.  Dyar,  Ph.  D.,  Assistant  in  Bacteriology. 
Department  of  Pathology,  Columbia  University,  N.  Y. 

"  I  would  recommend  *  *  *  that  all  who  describe  new 
species  should  be  urged  to  afford  a  second  description  twelve 
months  later  *  *  *  stating  accurately  how  far  the  forms  have 
become  modified  by  continued  growth  on  ordinary  standard 
media." 

This  suggestion  of  Dr.  J.  G.  Adami  (Jour.  American  Public 
Health  Association,  XX.,  418,  Oct.,  1895),  has  appeared  to  me  a 
valuable  one  and  I  have  accordingly  put  it  into  practice  by  re- 
planting the  "  new  species"  of  Bacteria  described  by  me  (Ann. 
N.  Y.  Academy  of  Science,  VIII.,  322-380).  The  following  is 
the  result  of  this  planting  during  February  and  Maroh^  1896. 
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The  period  which  has  elapsed  since  the  first  planting,  which 
is  the  one  recorded  in  my  former  paper,  varies  from  one  to  two 
years. 

1.  Mbrismopedia  flava  varians. 
The  morphology  represents  now  a  well  packeted  Sarcina  in- 
stead of  a  Merismopedia  and  the  gelatin  is  slowly  liquefied,  in 
one  culture  in  33  days,  and  in  another  made  at  the  same  time 
only  in  50  days.  The  characters  on  the  other  media  have  not 
changed,  except  that  nitrate  is  rather  less  quickly  reduced,  the 
full  reduction  not  being  obtained  till  28  days. 

6.  Micrococcus  similis. 
The  cultures  are  dead. 

3.  Micrococcus  gereus  aureus. 
The  characters  have  not  changed. 

12.  Micrococcus  cremoides  aureus. 
The  cultures  faded  to  the  color  of  M,  cremoides,  but  retained 
their  growth  characters.     Fresh  cultures  with  the  normal  orange 
color  were  readily  obtained  from  the  air. 

14.  Micrococcus  cremoides  albus. 
The  cultures  were  lost,  but  those  of  If.  cremoides  had  faded 
to  pure  white,  retaining  their  other  characters. 

21.  Merismopedia  fragilis. 
The  cultures  are  dead. 

23.  Merismopedia  mollis. 
Characters  scarcely  changed.     The  growth  is  less  abundant 
than  a  year  ago,  the  orange  color  most  distinct  in  the  condensa- 
tion water  in  the  bottom  of  the  tube.     Lactose  litmus  agar  is 
made  blue. 

25.  Micrococcus  dissimilis. 
Characters  unchanged  except  that  the  cells  were  seen  to  be 
associated  in  pairs  and  fours  as  well  as  singly,  thus  representing 
a  Merismopedia. 

33.  Merismopedia  mesenterigus  corruoatus. 
The  growth  characters  are  exactly  the  same,  and  in  addition 
a  slight  pink  tint  was  seen  in  the  liquefied  gelatin.  Milk  is  af- 
fected exactly  as  by  B.  lactis  erythrogenes^  being  apparently  co- 
agulated, but  on  boiling  the  coagulum  disappears.  A  careful 
examination  of  the  cells  shows  them  to  be  slightly  elongated, 
yet  associated  in   pairs  and    fours.     A  second  culture,  also 
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marked  "  Staphylococcus  pyogenes  citreus,^^  was  found  in  the  col- 
lection. It  was  the  same  in  all  respects,  but  the  growth  was  soft 
and  not  wrinkly.  Cells  in  pairs  and  fours,  but  often  slightly 
elongated. 

My  reason  for  rejecting  the  determination  of  these  cultures 
and  applying  a  new  name  was  that  Staphylococcus  pyogenes  ci- 
treus  is  described  as  the  same  on  all  media  as  Staph,  pyog.  au- 
reus, which  is  not  the  case  here.  However,  if  '*  all  media  "  refers 
only  to  gelatin,  agar  and  potato,  my  construction  of  the  descrip- 
tion may  have  been  too  rigid  and  the  cultures  may  be  correctly 
named.     I  do  not  otherwise  know  S,  pyogenes  citreus, 

36.  Bacillus  sarracenicolus. 
37.  Bacillus  vacuolatus. 
The  cultures  are  dead. 

39.  Bacillus  subochraceus. 

The  characters  are  unchanged  except  that  milk  is  more  quickly 
coagulated  (9  days),  but  only  on  boiling  even  in  26  days.  Ni- 
trate is  very  decidedly  more  strongly  reduced  yet  not  completely. 
The  species  is  a  facultative  anaerob. 

40.  Bacillus  domesticus. 

This  species  now  liquefies  gelatin.  The  liquefaction  begins 
after  about  34  days  and  proceeds  slowly.  In  50  days  about 
one-fourth  of  the  medium  in  the  tube  was  liquefied. 

There  is  also  a  pink  tint  in  the  liquefied  part.  Nitrate  is 
less  strongly  reduced,  not  completely  in  30  days.  Milk  is  not 
coagulated  at  first,  but  in  31  days  a  coagulum  was  obtained  on 
boiling.  Lactose-litmus  agar  is  reddened  as  before  and  the  yel- 
low color  is  retained,  otherwise  the  species  is  scarcely  recogniz- 
able. The  cells  are  shorter  than  before,  sometimes  scarcely  dis- 
tinguishable from  Micrococci.     The  species  is  aerobic. 

44.  Bacillus  javanienbis. 
The  nitrate  was  not  reduced  at  all,  otherwise  the  characters 
remain  the  same. 

54.  Bacillus  fuscus  pallidior. 

55.  Bacillus  ferruqineus. 

56.  Bacillus  salmoneus. 

57.  Bacillus  finitimus  ruber. 

The  characters  are  unchanged. 
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59.  Bacillus  brunneoflavus. 

The  nitrate  is  decidedly  more  strongly  reduced,  yet  not  com- 
pletely so.    Otherwise  as  before. 

60.  Bacillus  propinquus.* 
The  characters  are  the  same  in  general ;  but  in  the  Fall  all  the 
gelatin  tubes  were  found  to  be  liquefied.  On  replanting  no  li- 
quefaction was  obtained  in  74  days  when  a  spell  of  hot  weather 
(26^  G.  in  the  laboratory)  occurred.  After  it  had  passed,  old 
gelatin  tubes  remained  fluid,  while  young  ones  (21  days)  hard- 
ened again.    The  cells  are  now  very  short,  almost  like  cocci. 

62.  Bacillus  decolorans  major.        , 
Rosalie  acid  decolorized  in  13  days,  but  nitrate  not  reduced. 
Otherwise  as  before. 

65.  Bacillus  typhi  abdominalis. 
The  culture  marked  (2)  was  lost.  The  one  marked  (3)  re- 
mained constant  in  all  its  characters.  The  culture  is  not  the 
true  B,  typhi  abdominalis,  as  it  is  distinctly  aerobic  and  grows 
dark  brown  on  potato.  (Compare  the  pseudo-typhoid  germs 
found  by  Dr.  Th.  Smith,  Am.  Journ.  Med.  Sciences,  Sept.,  1895, 
culture  no.  28.) 

68.  Bacillus  inutilis. 

Growth  characters  unchanged,  but  the  cells  are  decidedly 
shorter,  not  distinguishable  from  cocci. 

70.  Bacillus  alpha. 
71.  Bacillus  beta. 
The  cultures  are  dead. 

76.  Bacillus  gamma. 
Nearly  dead.    A  very  poor  slight  growth  persists,  but  is  In- 
capable of  liquefying  gelatin   or  repeating  its  other  former 
characters.    ' 

78.  Bacillus  delta. 
The  cultures  are  dead. 

81.  Bacillus  Hudsonii. 
82.  Bacillus  oxylaticus. 
The  characters  are  unchanged. 

83.  Bacillus  epsilon. 

*l  have  inadvertently  applied  the  name /lavocortoc^tM  to  two  species  (48  and  00), 
differing  only  in  the  power  of  reducing  nitrate,  No.  60  may  be  designated  as  above. 
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84.  Bacillus  zeta. 
The  cultures  are  dead. 

102.  Bacillus  m.  fuscus  consistens. 
Nitrate  was  Dot  reduced  and  the  growth  was  not  distinctly 
wrinkly.     Otherwise  the  same. 

110.  Bacillus  puscus  liquefaciens. 
Unchanged,  except  that  the  nitrate  was  not  reduced. 

112.  Bacillus  kappa. 
Rosalie  acid  decolorized  as  before.    Milk  peculiarly  affected. 
It  is  not  coagulated  at  first,  but  in  23  days  the  whole  mass  re- 
sembles a  starch  paste,  on  boiling  becoming  jelly-like  with  thick 
flocculi.     Otherwise  the  same. 

114.  Bacillus  Plymouthensis. 
Exactly  as  in  B.  rosaceus  metalloides.  The  growth  is  no 
longer  viscous.  Lactose  litmus  agar  is  not  reddened  by  this 
species,  which  would  seem  to  show  that  the  reddening  of  the 
lactose-litmus  gelatin  was  due  to  some  product  of  the  liquefied 
gelatin. 

116.  Bacillus  Eralii. 
Apparently  overgrown  by  a  contamination. 

117.  Bacillus  larvacida. 
Unchanged. 

120.  Bacillus  pyogenes  f(etidus  liquefaciens  (Lanz).* 
Nitrate  completely  reduced    in    28  daj^s.     Rosalie  acid  is 
deepened  in  color.     Otherwise  as  before. 

121.  Bacillus  Pruddeni. 
Unchanged. . 

123.  Bacillus  Bookeri. 
The  lactose  litmus  agar,  while  reddened  at  first,  ultimately  be- 
came blue.     The  nitrate  was  strongly  reduced  as  before,  and  the 
other  characters  wer^  the  same. 

126.  Bacillus  sordidus. 

Unchanged. 

I  draw  the  following  conclusions  from  the  results  of  these  re- 
plantings. 

(1)  Species  under  long  cultivation,  such  as  I  have  received 
fi*om  collections,  tend  to  be  constant  in  their  characters. 

•CentralbUtt  1.  Bacterlol.,  XIV.,  277. 
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(2)  Some  species  lose  in  vigor  on  repeated  cultivation  and 
l3ecome  incapable  of  exhibiting  certain  of  their  characters,  or 
finally  die. 

(3)  Some  species  gain  in  vigor  on  repeated  cultivation,  ex- 
hibiting certain  characters  more  strongly  or  even  acquiring  new 
ones. 

The  changes  observed  for  the  several  species  are  arranged 
below  in  tabular  form. 


Cultures  which  died. 

Cultures  becom- 

Cultures 

constant. 

Cultures  becoming  more 

ing  less  vigorous, 

vigorous,  with  more  posi- 

their characters  be- 

tive or  new  characters. 

' 

coming  less   posi- 

1. Gelatin  is  now  lique- 

tive. 

fied. 
25.  The  ceUs   are    more 

.6 

70    84 

12.  The   color    be- 

8 

66 

102 

121 

firmlv  united. 
89.  Milk    more    quickly 

comes  paler. 

21 

71 

13.  The  color   be- 

33 

57 

no 

126 

coagulated. 

40.  The  gelatin  is  now  li- 
quefied, etc. 

comes  white. 

86 

78 

25.  The  growth  Is 

54 

65 

114 

less  abundant. 

59.  Nitrate  more  strongly 

87 

88 

44.  Nitrate  no  lon- 
ger reduced. 
68.  The    cells    are 

55 

81 

117 

reduced.                          ' 
62.  Rosalie     acid     more 
quickly  decolored. 
112.  Milk  more  distinctly 

shorter. 

70.  Gelatin  no  lon- 

coagulated. 
120.  Nitrate    is    now     re- 

ger liquefied. 

duced. 

128.  lactose   litmus    agar 

finally  made    blue,    in- 

stead  of   being   simply 

reddened. 

Stated  Meeting. 

April  20th,  1896. 

The  Academy  met  with  President  Stevenson  in  the  chair. 
Eighteen  persons  were  present. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Secretary  presented  the  nomination  of  Mr.  E.  E.  Olcott 
for  resident  membership,  and  it  was  referred  in  due  course  to 
the  Council. 

The  Section  of  Geology  and  Mineralogy  then  organized  and 
listened  to  the  first  paper  of  the  evening,  by  Mr.  John  D.  Irving, 
on  "  The  Stratigraphy  of  the  Browns  Park  Beds,  Utah."  The 
paper  will  appear  subsequently  in  the  Transactions. 
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The  second  paper  of  the  evening,  was  by  C.  H.  Smyth,  Jr., 
on  "  The  Origin  of  the  Talc  Deposits  near  Gouverneur,  N.  Y." 
The  paper  was  read  by  Mr.  L.  M.  Luquer  in  the  absence  of  the 
writer,  and  it  will  appear  in  full  in  the  School  of  Mines  Quar- 
terly, for  July,  1896. 

The  third  paper  of  the  evening,  was  by  H.  P.  Gushing,  en- 
titled :  "  On  the  Existence  of  Pre-Cambrian  and  Post-Ordo- 
vician  Trap  Dykes  in  the  Adirondacks."  The  paper  will  appear 
subsequently  in  the  Transactions. 

The  Academy  then  adjourned. 

J.  P.  Kemp, 
Secretary. 

Stated  Meeting. 

April  27th,  1896. 

The  Academy  met  with  President  Stevenson  in  the  chair. 
About  thirty  persons  present.  No  minutes  were  read,  as  it  was 
the  first  meeting  of  a  new  section. 

Mr.  Rush  Taggart  was  nominated  as  resident  member,  and 
the  nomination  was  referred  to  the  Council. 

The  Academy  then  proceeded  to  organize  a  section  in  Anthro- 
pology, Psychology  and  Philology.  Prof.  N.  M.  Butler  was 
nominated  for  temporary  chairman. 

Prof.  F.  H.  Giddings  was  nominated  and  elected  as  permanent 
chairman,  and  Dr.  Livingston  Farrand  was  chosen  secretary  for 
the  subsection  of  Anthropology  and  Psychology,  and  Prof.  A. 
Y.  Williams  Jackson,  secretary  of  the  subsection  of  Philology. 
It  was  resolved  to  have  a  meeting  of  the  subsection  of  Anthro- 
pology and  Psychology  one  month  and  of  the  subsection  of 
Philology  the  next.  The  officers  were  elected  for  a  term  that 
will  end  at  the  annual  meeting  of  the  Academy. 

Prof.  Giddings  took  the  chair  and  the  reading  of  the  papers 
followed. 

The  first  paper  was  by  F.  H.  Giddings,  entitled  "  A  Plan  for 
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the  Systematic  Study  of  Tribally  Organized  Societies."  The 
paper  was  a  preliminary  discussion  which,  in  a  full  form,  will  be 
presented  at  a  subsequent  meeting  of  the  section. 

The  second  paper  was  by  J.  McKeen  Cattell,  "  A  Method  for 
Determining  Photometric  Differences  by  the  Time  of  Percep- 
tion." Tests  have  been  made  upon  many  individuals  as  regards 
their  quickness  in  determining  differences  of  color  by  means  of 
200  cards  painted  with  India  ink  and  grading  from  pure  white 
to  dead  black.     The  paper  detailed  the  results. 

The  third  paper  of  the  evening  was  by  Dr.  Livingston  Far- 
rand,  and  was  entitled  ^'  Primitive  Education."  It  dealt  espe- 
cially with  such  moral  training  as  is  given  among  primitive  peo- 
ples to  the  young.  The  paper  was  preliminary  to  a  more  ex- 
tended discussion  that  will  be  presented  at  a  later  meeting. 

The  last  paper  of  the  evening  was  by  Dr.  Franz  Boas,  enti- 
tled "  Results  of  the  Measurement  of  the  School  Children  of 
Toronto."    The  paper  was  not  intended  for  publication. 

The  Academy  then  adjourned. 

J.  P.  Kemp, 
Secretary. 


Regular  Business  Meeting. 
May  4th,  1896. 

The  Academy  met  with  President  Stevenson  in  chair.  Forty- 
five  persons  present.  The  minutes  of  the  previous  meeting  were 
read  and  approved. 

The  Secretary  then  presented  nominations  from  the  Council 
for  the  following  resident  members :  Charles  B.  Alexander,  S. 
J.  Meltzer,  M.  D.,  John  E.  Parsons,  William  Homaday,  E.  E. 
Olcott,  C.  A.  Strong,  Rush  Taggart. 

The  Section  of  Astronomy  and  Physics  then  organized. 

Prof.  A.  M.  Mayer  presented  a  pap^r  on  ^*  A  Heliostat  with 
Small  Mirrors,  Giving  a  beam  of  Intense  Light  and  Forming 
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an  Image  at  Its  Focus."  It  consists  in  mounting  a  convex  lense 
so  as  to  concentrate  the  beam  of  sunlight  upon  one  surface  of 
a  double  reflecting  prism,  the  lense  being  so  mounted  to  rotate 
upon  a  polar  axis  as  to  keep  the  sunbeam  continuously  upon 
the  mirror.  A  negative  lense  near  the  prism  rendered  the  beam 
parallel.  A  second  double-prism  set  the  beam  in  any  desired 
direction.  The  advantages  of  this  heliostat  are  a  very  powerful 
boam  of  light  which  can  be  made  to  emanate  from  a  point  and 
from  which  the  heat  rays  have  been  almost  entirely  absorbed  by 
its  passage  through  the  various  pieces  of  glass.  It  is  especially 
adapted  to  work  with  the  solar  microscope.  The  paper  was  dis- 
cussed by  Prof.  R.  S.  Woodward. 

The  following  notes  were  presented  by  Mr.  Wallace  Goold 
Levison :  (1)  On  photographs  of  Geisler  and  Crookes  radiant 
matter  tubes.  Mr.  Levison  presented  a  very  interesting  series 
of  photographs  of  Geisler  and  Crookes  tubes  taken  by  their  own 
light.  Many  of  these  showed  very  beautifully  the  stratiflcation 
in  the  Geisler  tubes  and  the  difference  between  the  anode  and 
cathode.  He  also  showed  a  series  illustrating  the  disturbances  in 
the  stratification  produced  by  plunging  the  cathodes  to  various 
depths  in  water.  The  photographs  of  the  Crookes  tubes  showed 
not  only  the  fluorescent  spot  opposite  the  cathode,  but  showed 
also  very  distinctly  the  bundle  of  cathode  rays  which  are  always 
invisible  to  the  naked  eye.  (2)  In  this  connection  Mr.  Levison 
pointed  out  the  resemblance  between  the  succession  of  colors 
with  varying  pressure  in  Geisler  tubes  and  the  color  variation 
in  the  aurora  and  suggested  that  the  experiment  described  bare 
put  the  idea  that  the  aurora  is  an  electric  discharge  through  the 
atmosphere  at  various  heights  and  pressures.  A  possible  con- 
nection between  these  phenomena  and  the  solar  corona  and 
comets  was  also  pointed  out.  (3)  The  third  note  was  the  de- 
scription of  a  similar  apparatus  for  obtaining  X-ray  photographs 
by  long  exposure  with  a  small  induction  coil  and  four  Bunsen 
cells.  (4)  The  fourth  note  was  descriptive  of  certain  plates 
which  were  exhibited  appearing  to  indicate  the  action  of  a  mag- 
net on  photographic  films.  These  were  called  magnetographs 
and  were  made  by  placing  various  objects  directly  on  the  photo- 
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graphic  film  and  suspending  a  magnet  in  front  of  them.  No 
satisfactory  explanation  or  theory  of  the  results  has  been  .given. 
(5)  In  conclusion  Mr.  Levison  pointed  out  certain  causes  which 
in  his  opinion  might  account  for  the  deterioration  of  photo- 
graphic plates,  suggesting  among  other  things  X-rays  from  un- 
expected sources,  terrestrial  magnetism,  plant  organisms  and 
gases  such  as  sulphuretted  hydrogen  penetrating  the  boxes  and 
injuring  the  plates.  He  suggested  the  improvement  of  enclosing 
the  plates  in  soldered  metal  boxes.  These  notes  were  discussed 
by  Prof  Mayer  and  Prof.  Hallock. 

By  permission  of  the  Section  Mr.  C.  C.  Trowbridge  read  by 
title  a  paper  entitled  "  The  Use  of  the  Hair  Hygrometer." 

On  motion  the  section  adjourned. 

J.  F.  Kemp,  Wm.  Hallock, 

Secretary,  Secretary  of  Section. 


Stated  Meeting. 

May  11th,  1896. 

The  Academy  met  with  Vice-President  Osborn  in  the  chair. 
The  reading  of  the  minutes  of  the  last  meeting  was  postponed. 
The  following  papers  were  read  : 

ON  THE  VERTEBRAL  COLUMN,  FINS  AND  VENTRAL 
ARMORING  OF  DINICHTHYS. 

By  Bashford  Dean, 
Department  of  Zoology,  Ck)lumbia  Umversity. 

Hitherto  our  definite  knowledge  of  this  most  interesting  of 
American  Arthrodiran  fishes  has  been  limited  to  the  structures 
of  the  anterior  body  parts — the  jaws  and  the  plates  of  the  head, 
"  shoulder "  and  abdomen.  It  was  upon  these  characters,  as 
described  in  several  species,  that  the  inference  had  been  made 
that  Dinichthys  was  closely  akin  to  the  European  Coccosteus. 

But  any  satisfactory  comparison  of  the  relations  of  these 
kindred  Arthrodirans  could,  it  is  evident,  only  be  made  when 
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the  endoskeletal  and  appendicular  structures  of  Dinichthys 
should  be  discovered.  For  the  vertebral  column,  girdles  and  fin 
structures  are  certainly  more  constant  as  landmarks  in  the  dif- 
ferentiation of  genera  than  are  the  outlines  or  tuberculations  of 
dermal  or  dental  plates. 

It  is  now  accordingly  of  general  interest  that  a  fossil  has  been 
found  which  throws  unquestionable  light  upon  the  structures  of 
the  backbone  and  fin  bases  of  Dinichthys.  This  unique  speci- 
men* was  discovered  in  the  vicinity  of  Berea,  Ohio,  by  Dr. 
William  Clark,  to  whose  zealous  studies,  indeed,  a  large  part  of 
our  knowledge  of  American  Arthrodirans  has  been  due.  It  was 
brought  to  my  attention  in  1894  by  Dr.  Clark,  and  was  subse- 
quently forwarded  to  the  Zoological  Laboratory  of  Columbia 
University  for  renewed  study.  A  further  courtesy  of  its  dis- 
coverer has  now  enabled  me  to  present  the  following  description  : 

•The  fossil  is  contained  in  an  oblong  shaly  concretion,  some- 
what coarser  in  texture — sandstone-like  and  lighter  in  color — 
than  those  commonly  found  in  the  Cleveland  shales.  It 
measures  about  25  cm.,  occupying  almost  the  entire  length  of 
the  concretion.  The  appearance  of  the  fossil  is  shown  in  the 
accompanying  figure  (Plate  VII.).  This, it  should  be  explained, 
was  prepared  ftom  a  tracing  of  the  structures  displayed  on  the 
right  half  of  the  concretion,  and  to  this  drawing  were  added 
from  the  counterpart  the  posterior  ventral  plates,  R  P  V  and 
L  P  V,  a  coprolite,C,  a  portion  of  the  **ventral  fin,"  V  F,  and  the 
two  plates  of  unknown  position,  U.  These  additional  structures 
are  accordingly  shown  in  their  normal  position  in  the  fossil,  but 
the  plates  R  P  V  and  L  P  V  should  be  understood  to  overlie, 
not  underlie,  the  ventro-median  plate,  V  M. 

As  to  the  identification  of  the  fossil  as  Dinichthys,  a  compari- 
son of  the  plates,  VM,  RPV,  LPV  and  AV,  with  those  of  the 
ventral  armoring  of  Dinichthys  as  figured  by  Newberry f  and 
WrightJ  leaves  little  doubt  that  these  structures  belonged  to 
this  genus.  The  plates  are  relatively  thinner,  however,  than 
those  of  the  types  of  D.  terrelli  and  D.  intermedins,  but  the  writer 
finds  by  an  examination  of  the  plates  of  the  type  D.  gouldi, 
Newb.,  preserved  in  the  Geological  Museum  of  Columbia,  that 
the  present  specimen  may  be  assigned  almost  definitely  to  this 
species. 

The  fossil  presents  for  examination  the  following  structures  : 

(A).  Plates  of  the  ventral  armoring,  AY,  VM,  LPV,  RPV, 

XJCQ. 

*The  t3rpe  is  preserved  in  the  Clark  collection. 

fNewberry,  Palaeozoic  Fishes  of  North  America,  U.  S.  Geol.  Surv.  Monogr.  XVI. 

JWrlght,  The  Ventral  Armor  of  Dinichthys,  Am.  Geol.  Vol.  XIV.,  Nov.,  1894. 
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(B).  Notocbordal  area  and  vertebral  arches,  NC.  NA,  HA,  HS. 
(0).  Supporting  elements  of  the  dorsal  and  of  a  pelvic  fin, 
DP,  VF,  VG. 

(A).  Yentbal  Armoring. 

There  is  little  difficulty  in  identifying  the  typical  plates  of  the 
ventral  armoring,  and  in  the  accompanying  figure,  PL  YIII., 
Fig.  2,  these  have  been  arranged  in  approximately  their  natural 
relations. 

Of  the  Anterior  VentraU  the  fossil  exhibits  but  a  single  plate, 
the  left,  PL  VII.,  AY;  this  is  shown  in  visceral  aspect,  its  anterior 
margin  broken  and  weathered.  Its  lateral  margin,  like  that  of 
Coccosteus,  as  described  by  Traquair,'*'  and  like  that  of  Dinich- 
thys  terrelli,  as  recently  shown  by  Wright  (op.  cit.)  is  the  thicker; 
and  along  this  margin,  which,  by  the  by,  is  relatively  wider  and 
less  incurved  than  in  1).  terrelli,  pass  well-marked  parallel  striae. 
The  opposing  margin  of  the  plate  is  thinner,  and  shows  little 
trace  of  encircling  striae,  although  the  weathering  of  the  surface 
may  possibly  account  for  their  absence.  Yascular  canals  (Hav- 
ersian), rendered  more  conspicuous  by  the  weathered  surface, 
pass  directly  into  the  plate  in  its  antero-lateral  region ;  from 
this  center  they  diverge  radially,  and  become  most  conspicuous 
as  open  furrows  in  the  thinner  peripheral  parts.  The  plate's 
elongated  candal  end  seems  especially  thin  where  it  overlaps  the 
left  posterior  ventral  (Of.  PL  YIII.,  Fig.  2,  LPY). 

The  Posterior  Ventrah  are  both  shown  in  the  fossil,  PL  YII., 
R  P  Y,  L  P  Y.  They  are  seen  in  visceral  aspect,  and  appear  to 
occupy  very  nearly  their  normal  relations.  Portions  of  these 
plates  have  been  lost,  but  their  structure  is  admirably  preserved. 
The  margins  of  the  visceral  surface  are  marked  by  concentric 
striae,  which  as  in  all  the  derm  plates  of  Arthrodirans  may  be 
regarded  as  rings  of  growth.  The  focus  of  the  vascular  canals 
is  prominent  in  the  middle  region  of  the  plate,  their  radiating 
tubules  becoming  most  conspicuous  peripherally.  The  middle 
region  of  the  left  posterior  ventral  has  been  detached,  but  in 
such  a  way  that  a  portion  of  its  outer  (surface)  layer  has  been 
left  in  position.  This  fragment  demonstrates  clearly  that  the 
surface  of  the  ventral  armor  in  this,  if  not  in  every  species  of 
Dinichthys,  was  tuberclated.  These  tuberculations  are  fine, 
closely  arranged,  and  project  little  above  the  surface ;  they  form 
an  encrusting  superficial  layer  and,  as  the  specimen  indicates, 
separate  readily  from  the  underlying  table  of  the  plate.  On  this 
account  it  is  possible  that  the  dermal  plates  of  Dinichthys  terrelli, 
intermedins  and  curtus  have  always  appeared  to  have  been  lack- 

•Traquair,  Ann.  Mag.  Nat.  Hist.  [6]  Vol.  V.,  (1890),  pp.  125-136. 
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ing  in  shagreen-like  structures,  thns  giving  ground  for  the  belief 
that  these  plates  were  deeply  embedded  in  the  ventral  integument. 

The  VentrO' Median  plate,  PL  VII.,  VM,  has  been  retained  in  a 
fair  degree  of  preservation.  Like  the  neighboring  plates,  it  ex- 
hibits its  visceral  aspect,  and  has  been  but  little  displaced.  Par- 
allel to  its  margins  are  well-marked  strise,  and  a  series  of 
straight  vascular  tubules  converge  toward  its  center.  The 
plate's  anterior  end  terminates  in  an  enlarged,  flat,  rounded 
area,  which  appears  to  be  the  homologue  of  a  separate  plate  in 
Coccosteus,  the  ''anterior  median  ventral"  of  Traquair.  In 
Dinichthys,  however,  this  element  is  relatively  much  smaller  in 
size.  In  the  present  specimen  its  surface  has  been  greatly 
weathered. 

Two  additional  dermal  plates  are  shown  in  the  fossil,  PL  VII., 
U.  They  appear  to  represent  a  pair  of  plates  hitherto  unde- 
scribed  in  Dinichthys.  Of  their  relations  little  is  suggested^ 
although  it  is  possible  that  they  represent  the  antero-lateral 
plates  of  the  shoulder  armoring  of  Coccosteus.  In  the  neigh- 
borhood of  these  plates  the  fossil  has  retained  a  large  pale- 
colored  mass,  amorphous,  ragged  in  fracture,  which  in  character 
and  position  may  well  represent  a  coprolite.  It  is  lacking,  how- 
ever, in  fish  fragments,  and,  if  a  coprolite,  it  affords  no 
evidence  of  the  presence  in  Dinichthys  of  an  intestinal  spiral 
valve. 

Comparison  of  the  ventral  armor  of  Dinichthys  gouldi  with 
that  of  D.  terrelli,  as  described  by  Wright,  gives  evidence  that 
the  conditions  in  the  smaller  species  were  by  far  the  more 
generalized,     (cf.  PL  VIII.,  Figs.  2  and  3.) 

Thus,  in  D.  gouldi,  PL  VIII.,  Fig.  2. 

1.  The  anterior  and  posterior  ventro-lateral  plates  correspond 
closely  to  each  other  in  size. 

2.  The  anterior  ventro-laterals  were  simple  oblong  plates,, 
comparatively  uniform  in  thickness,  and  straight  margined,  i.  e.y 
not  crescent-shaped  as  in  D.  terrelli. 

3.  The  relation  of  the  anterior  ventro-laterals  to  the  poste- 
rior ventro-laterals  was  a  simple  one,  the  foYmer  overlapping  the 
latter  broadly  and  apparently  loosely ;  there  is  no  evidence  that 
the  overlapping  portion  of  the  anterior  plates  were  fitted  into 
an  insunken  area  in  the  hinder  plates. 

4.  The  posterior  ventro-laterals  were  simple  oblong  plates  r 
their  hinder  median  margins  overlapping  (the  right  possibly 
overlapping  the  left,  unlike  in  Coccosteus),  but  showing  no  trace 
of  the  peg-and-socket  suture  by  which  they  are  united  in  D. 
terrelli. 

5.  The  outer  surface  of  the  plates  (posterior  ventro-laterals^ 
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and  probably  the  rest  as  well)  was  tuberculate  as  in  the  earliest 
Dipnoans  and  Teleostomes. 

And  it  is  further  evident  that  the  ventral  armoring  of  D. 
gouldi  does  not  differ  widely  from  that  of  Coccosteus.  (Cf.  PL 
VIIL,  Figs.  1  and  2.) 

i 
(B.")   jNotochordal  Area  and  Vertebral  Arches. 

The  space  formerly  occupied  by  the  notochord  is  clearly  appar- 
ent in  the  present  fossil,  PI.  VII.,  NC.  And  an  idea  may  even  be 
obtained  of  the  notochord's  relative  thickness,  as  it  passed  tail- 
ward  from  the  region  of  the  ventral  armoring  in  the  broad  space 
margined  on  either  side  by  the  remains  of  vertebral  arches.  As 
nearly  as  the  present  writer  can  determine  the  proportional 
thickness  of  the  notochord  inDinichthys  is  not  widely  different 
from  that  in  Coccosteus,  although,  perhaps,  slightly  thicker  in 
the  former  type.  In  neither  form  have  any  traces  been  found 
of  vertebral  centra. 

The  vertebral  arches,  as  shown  in  the  present  fossil,  PI.  VII., 
N A,  HA,  have  been  imperfectly  preserved.  The  following  notes 
regarding  them  may,  however,  be  safel}'^  made :  They  were  as 
numerous,  relatively,  as  in  Coccosteus;  they  show  a  similar 
regional  differentiation,  and  appear  to  be  similar  in  structural 
regards.  On  the  other  hand,  they  differ  from  the  conditions 
in  Coccosteus  in  being  shorter  and  more  uniform  in  length. 
Their  substance,  too,  appears  to  have  been  frailer,  and  judging 
from  the  structures  shown  in  several  cases,  it  seems  probable 
that  these  arches  could  not  have  been  widely  different  from  those 
of  Ceratodus,  i.  e.,  cartilaginous  internally,  the  superficial 
layers  encrusted  with  lime.  Under  these  conditions  the  haemal 
and  neural  structures  would  naturally  be  subject  to  distortion 
during  fossilization. 

The  neural  arches  seem  to  have  tapered  distally  into  a  neural 
spine.  The  fossil  shows  no  evidence  that  this  may  originally 
have  been  a  separate  element,  nor  does  it  show  that  the  neural 
arch  had  ever  appended  to  it  a  more  distal  element.  The 
haemal  arches,  on  the  other  hand,  seem  to  have  terminated 
bluntly  and  to  have  been  capped  by  a  separate  spine-shaped 
element  (haemal  spine?)  as  seen,  for  example,  at  HS  in 
PI.  VII.  It  must  be  admitted,  however,  that  this  jointed  ap- 
pearance may  have  been  due  to  artefact.  If  a  normal  character, 
the  separation  of  the  naemal  spine  from  the  arches  becomes  an 
important  diagnostic  character,  separating  Dinichthys  from 
Coccosteus. 

Transactions  N.  Y.  Acad.  Sci.  Vol.  XV.,  Sig.  11,  June  2, 1896. 
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(0).    Supporting    Elements   op    the    Dorsal    and   op    the 

Pelvic  Fin. 

The  position  of  the  basal  support  of  the  dorsal  fin  may  be 
outlined  in  the  fossil,  PL  VII.,  DF,  although  they  are  imperfectly 
preserved.  In  number  they  correspond  closely  to  those  of 
Coccosteus,  but  in  other  regards  they  appear  to  have  been 
widely  different ;  they  are  thus  smaller  and  slenderer,  and  the 
elements  of  their  proximal  row,  although  very  imperfectly 
shown,  seem  to  have  differed  considerably  from  the  neighboring 
distal  elements.  It  is  also  noteworthy  that  the  outer  tips  of  the 
distal  elements  appear  to  have  been  the  more  densely  calcified, 
so  that  indeed  these  tips  could  remain  after  the  remaining  por- 
tion of  the  element  had  disintegrated.  Several  of  these  sepa- 
rated distal  ends  may  be  noted  in  the  fossil.  The  evidence  now  pre- 
sented is  sufficient  to  demonstrate  that  the  dorsal  fin  of 
Dinichthys  was  relatively  in  the  same  region  as  in  Coccosteus, 
but  that  it  was  smaller  and  more  delicate,  the  latter  character 
directly  opposed  to  what  might  have  been  inferred  on  a  priori 
grounds. 

The  pelvic  girdle  and  the  basal  supports  of  the  ventral  fin 
are  shown  in  the  fossil,  at  VG  and  VF,  PL  VII.  Their  preser- 
vation  is,  however,  so  imperfect  that  nothing  definite  can  be  de- 
teimined  about  them ;  indeed  were  it  not  that  this  portion  of 
the  fossil  corresponds  so  closely  in  position  and  outline  to  the 
structures  of  the  ventral  fin  and  hip  girdle  in  Coccosteus,  one 
could  hardly  be  j  ustified  in  atttempting  an  identification.  The 
writer  is  inclined  to  believe  that  the  apparently  separate  elements 
at  VF.  are  in  reality  not  the  basalia  of  the  ventral  fins,  but 
artificially  separated  portions  of  the  distal  part  of  the  pelvic 
girdle. 

Fin  structures  in  Dinichthys  (terrelli)  have  already  been  des- 
cribed by  Prof.  Newberry,  and  figured  by  him  in  his  Palaeozoic 
Fishes  (Monograph  XVI,  U.  S.  Geological  Survey,  PL  VII.). 
His  specimens,  however,  had  been  sent  him  without  their  ma- 
trix, and  he  could  not  therefore  determine  their  exact  position. 
They  had  been  received  from  Ohio  from  Mr.  J.  Terrell,  who  had 
several  times  found  them  associated  with  the  bones  and  plates  of 
D.  terrelli.  These  "  ossified  fin  rays,"  as  far  as  Dr.  Newberry 
could  judge  from  a  single  detached  group  of  them,  and  from 
several  fragmentary  elements,  were  then  believed  to  represent 
in  part  the  base  of  the  dorsal  fin.  The  structures  of  the  present 
specimens  are  certainly  not  adverse  to  this  view  of  Dr.  Newberry. 
But  a  reexamination  of  the  types  by  the  present  writer  leads  to 
the  belief  that  they  may  well  have  been  exernal  fin  structures. 
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They  certainly  do  not  correspond  to  the  basalia  of  the  dorsal 
fin  shown  in  the  present  materia),  although  they  may  have  rep- 
resented the  external  rays.  It  is  possible  that  they  may  prove 
to  have  been  caudal  structures. 

The  additions  to  a  knowledge  of  the  structures  of  Dinichthys 
as  given  in  the  present  paper,  may  be  summarized  as  follows  : 

I.  Presence  of  notochordal  axial  skeleton,  of  dorsal  fin  and 
of  pelvic  girdle,  similar  to  those  in  Coccosteus. 

II.  Presence  of  an  hitherto  undescribed  pair  of  dermal  plates. 

III.  Evidence  that  a  pair  (and  probably,  therefore,  all)  of  the 
plates  of  the  ventral  armoring  were  surface  plates. 

A  contrast  of  the  ventral  armoring  of  Dinichthys  gouldi  with 
the  corresponding  structures  in  D.  terrelli  and  in  Coccosteus  (cf. 
PI.  VIII.,  Figs.  1,2  and  3),  leads  the  present  writer  to  believe  that 
the  conditions  in  Coccosteus  are  most  nearly  those  of  the  com- 
mon ancestor  of  these  three  forms.  And  that  in  D.  gouldi  are 
present  more  generalized  conditions  than  in  the  larger  species. 
Thus  in  Coccosteus  the  plastron  is  composed  of  separate  dermal 
plates,  more  or  less  rhomboidal  in  outline,  and  differing  little 
from  each  other  in  size.  In  Dinichthys,  on  the  other  hand,  these 
plates  differ  more  widely  from  each  other  in  size  and  outline, 
the  median  plates — median  ventral  and  anterior  median  ventral 
—no  longer  broadly  lozenge-shaped  and  separate,  are  now  re- 
duced to  a  single  narrow  lanceolate  element.  In  D.  gouldi  the 
plates  of  the  plastron  overlap  as  in  Coccosteus ;  in  D.  terrelli 
they  become  more  widely  unlike  each  other  and  are  fixed  to- 
gether with  definite  sutures. 

May  12,  1896. 


THE  HISTORY  OF  THE  ACHROMATIC  STRUCTURES 

IN  THE  MATURATION  AND  FERTILIZATION 

OF  THALASSEMA. 

By  Bradney  B.  Griffin,  B.  Sc. 

UniYeraitFy  Fellow  in  Biology,  Colombia  Uniyeiaity. 

The  following  observations  on  the  eggs  of  the  chaetiferous 
gephyrean,  Thalaftsema,  were  made  on  a  series  of  stages  col- 
lected at  Beaufort,  N.  C,  by  Professor  E.  B.  Wilson,  in  the 
summer  of  1895,  with  a  view  to  the  investigation  of  the  achro- 
matic structures,  and  especially  the  centrosome  in  maturation 
and  fertilization.  In  intrusting  this  material  to  me  Professor 
Wilson  suggested  that  I  should  first  follow  out  in  detail  the 
history  of    the  centrosome  with  special  regard  to  its  behavior 
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with  the  various  fixing  agents  employed.  Apart  from  this  my 
special  object  has  been  to  determine  whether  that  structure 
commonly  known  as  the  centrosome,  t.  e,,  the  small  dark  stain- 
ing body  at  the  poles  of  the  division  figure,  is  a  permanent  per-^ 
sistent  organ,  handed  down  from  one  cell  division  to  the  next, 
or  a  transitory  structure  present  only  during  karyokinesis,  dis- 
appearing later  and  re-formed  at  the  next  division.  As  will  be 
seen,  my  results  show  conclusively  that  so  far  as  Thalassema  is 
concerned,  the  former  is  the  correct  alternative ;  and  on  this 
point  my  results  agree  with  those  of  van  Beneden  and  Boveri 
(Ascaris),  Mead  (Chestopterus),  Wheeler  (Myzostomum),  and 
others  who  have  more  or  less  definitely  attained  the  same  result. 

The  present  paper  deals  principally  with  the  achromatic 
structures ;  the  history  of  the  chromatin  the  author  hopes  to- 
discuss  in  detail  in  a  future  work. 

The  material  included  series  fixed  with  picro-acetic  and  sub- 
limate-acetic, and  a  few  stages  with  pure  sublimate,  and  with. 
MerkePs  Fluid.  Of  these  the  best  results  were  given  b}'  picro- 
acetic,  which  gives,  in  most  cases,  faultless  preservation  of  all 
the  structures.  In  the  series  fixed  by  sublimate  acetic,  certain  in- 
teresting differences  are  seen,  a  description  of  which  will  be  de- 
ferred until  the  normal  history  of  the  centrosome  has  been  con- 
sidered in  detail. 

The  eggs  were  imbedded  in  parafiSne,  cut  into  sections  2-5/t 
thick,  mounted  and  stained  on  the  slide  by  Haidenhain's  Iron 
Hsematoxylin,  followed  in  a  few  cases  with  Congo  Red  to  dif- 
ferentiate the  reticulum  of  the  centrosphere. 

I  desire  to  express  my  indebtedness  to  Professor  E.  B.  Wilson 
for  the  numerous  courtesies  he  has  extended  me  during  the 
progress  of  the  work,  and  my  sincere  appreciation  of  his  advice 
and  encouragement. 

The    Ego    Centrosome. 

The  earliest  trace  of  the  egg  centrosomes  that  I  have  so  far 
been  able  to  detect  was  in  preparations  from  eggs  fixed  about 
ten  minutes  after  fertilization.  They  then  appear  as  two  minute 
dark  staining  granules,  already  distant  about  90^,  situated  close 
to  the  nuclear  membrane  which  is  still  intact  though  showing  a 
slight  invagination,  folding,  or  at  least  a  flattening  next  the  cen- 
trosomes. This  is  probabl}''  caused  by  inwardly  growing  rays. 
At  this  stage  the  centrosomes  are  indistinguishable  from  the 
surrounding  cytoplasmic  granules,  save  for  the  minute  few  and 
short  rayed  aster  focused  at  each.  This  fact  renders  the  ques- 
tion of  the  origin  of  the  centrosome  extremely  difficult  if  not 
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msolvable  in  this  form ;  for  previous  to  the  formation  of  the 
asters  the  centrosomes  could  not  be  distinguished  from  the  nu- 
merous nuclear  as  well  as  cytoplasmic  granules.  This  black 
<;entrosome  granule  seems  to  be  the  only  structure  at  the  focus 
of  the  rays,  and  shows  no  trace  of  a  surrounding  archoplasmic 
mass,  apart  from  the  radiating  fibrillae  of  the  aster.  As  yet  no 
chromosomes  have  been  definitely  established,  though  here  and 
there  are  to  be  observed  slight  thickenings  or  bunching  together 
of  strands  of  the  chromatic  reticulum  which  is  doubtless  the 
prelude  to  chromosome  formation.  There  is  also  present  in 
this  stage  a  large  dark  staining  nucleolus,  situated  eccentricly 
within  the  nucleus.  The  nucleus  lies  very  nearly  in  the  center 
of  the  egg,  and  the  deutoplasm  is  pretty  evenly  distributed  in 
the  surrounding  cytoplasm.     (Fig.  1.) 

From  now  on  the  size  of  the  asters  and  the  number,  length 
and  distinctness  of  the  rays  steadily  increases.*  The  nuclear 
membrane  meanwhile  becomes  more  and  more  pushed  into  the 
folds  by  the  ingrowing  splbdle  fibers  in  essentially  the  same 
manner  as  described  by  Watas^  (Squid),  Wheeler  (Myzotomum), 
Braus  (Salamander)  and  others.  The  deepening  of  the  folds 
continues  until  at  length  the  nuclear  membrane  commences  to 
break  apart  at  the  apices  of  the  folds.  Through  the  openings 
thus  formed  the  rays  enter  the  nucleus,  while  the  intervening 
poi*tions  of  the  membrane  seem  to  be  drawn  into  the  polar  sys- 
tem and  pass  insensibly  into  rays.  (Fig.  2.)  Typical  tetrad 
groups,  to  the  number  of  nine  I  believe,  are  meanwhile  esta- 
blished, and  before  the  membrane  has  commenced  to  fade  a 
small  centrosphere  is  differentiated  about  each  centrosome.  In 
some  cases,  at  least,  the  latter- becomes  double  even  at  this 
early  period,  by  an  extremely  precocious  division  in  anticipation 
of  the  second  polar  division. 

In  most  cases  the  asters  develop  independently,  unconnected 
with  each  other  by  any  sort  of  central  spindle.  The  definitive 
spindle  finally  arises  by  the  meeting  of  rays  from  the  opposite 
asters.  In  two  or  three  cases,  however,  where  for  some  reason 
the  asters  had  not  diverged  far,  but  remained  comparatively 
near  together,  I  observed  what  seemed  to  be  a  central  spindle 
connecting  them,  in  a  stage  corresponding  to  Fig.  2.  It  is 
figured  in  Fig.  3.  The  difference  is  probably  due  to  variation 
in  the  relation  between  divergence  and  growth  of  the  asters.  If 
great  divergence  takes  place  while  the  asters  are  yet  small,  as 
usually  the  case,  no  such  ^'  central  spindle  "  is  formed,  but  the 
appearance  shown  in  Fig.  2  results.     If,  on  the  other  hand,  the 

*  This  progressive  elongation  of  the  rays  with  the  growth  of  the  aster  agrees  with 
DrOner's  account  of  the  spermatocytes  of  the  Salamander. 
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asters  diverge  but  little  while  their  growth  continues,  then  the 
state  Qf  things  shown  in  Fig.  3  will  follow. 

The  nuclear  membrane  now  gradually  fades  away,  first  disap- 
pearing in  the' neighborhood  of  the  asters,  and  the  tetrad  chro- 
mosomes are  drawn  up  into  the  spindle.  A  vast  amount  of  the 
chromatin  is  left  as  a  very  coarse  stranded  reticulum  or  skein 
lying  in  the  cytoplasm,  where  it  degenerates  and  finally  fades 
away,  though  it  sometimes  persists  until  the  first  polar  spindle 
is  in  place.  (Fig.  4.)  The  nucleolus  can  be  traced  through  all 
stages  previous  to  the  one  just  described.  The  latest  period  at 
which  I  have  observed  it  was  in  a  stage  slightly  later  than  the 
one  figured.  It  then  appears  in  the  mass  of  discarded  chroma- 
tin as  a  dark  staining  body,  variable  in  shape  and  size  though 
always  considerably  smaller  than  in  previous  stages. 

With  the  arrangement  of  the  chromosomes  in  an  equatorial 
plate,  the  first  polar  spindle  is  completed.  It  lies  tangentially 
on  the  periphery  of  the  mass  of  discarded  chromatin.  The 
spindle  now  rotates  through  90°  and  assumes  a  radial  position. 
(Fig.  5.)  At  this  stage  the  length  of  the  spindle  is  nearly  one- 
third  the  diameter  of  the  egg.  At  each  pole  is  a  well  defined 
light  staining  centrosphere,  containing  a  double  centrosome. 
The  centrosphere  is  perfectly  homogeneous  and  shows  no  trace 
of  any  darker  area  surrounding  the  centrosomes.  A  noticeable 
feature  is  presented  by  the  rays.  These  are  relatively  of  great 
length,  many  exceeding  that  of  the  entire  spindle.  Those  that 
pierce  the  equatorial  plane,  external  to  the  spindle,  show  a 
marked  curvature  toward  the  axis  of  the  latter.  This  curvature 
is  greater  in  those  lying  nearer  the  spindle.  At  this  period  the 
egg  shows  a  marked  polarity,  which  was  not  so  obvious  in 
earlier  stages.  This  is  brought  about  by  the  collection  of  the 
deutoplasm  at  the  lower  pole,  leaving  the  region  at  the  upper 
pole  surrounding  the  spindle  relatively  free  from  yolk  granules. 
A  slight  flattening  or  depression  of  the  surface  of  the  egg  next 
the  external  aster  is  also  to  be  seen  the  stage  just  described. 
(Fig.  5.)  During  the  halving  of  the  tetrad  groups  no  change 
takes  place  in  the  achromatic  figure  until  mid  or  late  anaphase, 
when  the  two  inner  centrosomes  diverge  considerably  in  a  di- 
rection perpendicular  to  the  axis  of  the  spindle,  the  centrosphere 
meanwhile  elongating  in  the  same  direction. 

The  telephase,  therefore,  shows  the  two  centrosomes  wide 
apart,  one  at  each  pole  of  the  now  somewhat  fusiform  centro- 
sphere, and  the  rays  show  a  tendency  to  group  themselves  about 
these  poles  as  foci.  The  dyads  left  in  the  egg,  after  the  expul- 
sion of  the  first  polar  body,  lie  at  the  outer  side  on  the  peri- 
phery of  this  incipient  spindle,  stretching  in  a  curved  row  from 
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pole  to  pole.  (Fig.  6.)  Daring  the  divergence  of  the  centro- 
somes  no  trace  of  connecting  spindle  fibers  is  to  be  detected, 
and  the  interior  of  the  elongating  centrosphore  appears  un- 
changed. The  appearance  of  spindle  fibers  passing  from  pole  to 
pole,  and  the. disappearance  of  the  intermediate  rays  mark  the 
establishment  of  the  second  polar  spindle,  the  dyad  chromo- 
somes still,  however,  retaining  their  peripheral  position.  As 
yet  no  well  defined  area  or  centrosphere  has  appeared  about 
each  daughter  centrosome,  but  the  rays  seem  to  converge  di- 
rectly to  the  centrosomes.  Before  or  during  rotation  the  dyad 
groups  become  arranged  equate rially  about  the  new  spindle, 
while  an  extremely  minute  centrosphere  differentiates  about 
each  centrosome.  The  spindle,  which  at  first  lay  tangentially, 
i.  6.,  with  the  axis  perpendicular  to  the  egg  radius,  finally  ro- 
tates into  a  radial  position  lying  near  the  periphery.  (Fig.  8.) 
It  closely  resembles  in  general  appearance  the  first  polar  spin- 
dle, but  is  only  one-half  the  size  of  the  latter  and  the  centro- 
spheres  are  excessively  minute.  Tho  curving  of  the  rays,  so 
noticeable  in  the  first  polar  spindle,  is  here  scarcely  perceptible. 
In  all  essential  features  the  subsequent  stages  are  a  repetition 
of  the  first  polar  anaphase.  The  second  polar  body  is  formed 
at  or  extremely  near  the  point  at  which  the  first  was  expelled, 
since  not  only  do  the  two  in  Uter  stages  lie  in  contact,  but  in 
several  cases  the  extruding  second  polar  globule  was  seen  to  push 
the  first  before  it.  The  subsequent  history  of  the  polar  bodies  I 
have  not  as  yet  followed  out  in  detail.  The  first  in  several 
cases  was  seen  undergoing  mitotic  division.  They  persist  until 
the  second  cleavage  when  they  seem  to  be  taken  up  bodily  into 
the  egg  and  absorbed  by  the  cytoplasm. 

The  origin  of  the  centrosome  of  the  second  polar  spindle  by 
division  of  the  centrosome  of  the  first  has  been  observed  in 
other  forms.  Thus  Boveri  (1)  has  shown  that  in  the  Heteropods 
the  centrospheres  of  the  second  polar  spindle  arise  by  division 
from  the  inner  centrosphere  of  the  first.  A  stage  exactly  simi- 
lar to  my  Fig.  6  has  been  figured  and  described  by  Mead  (7)  for 
Ch«topteru8  Indicating  that  a  similar  mode  of  origin  of  the 
second  polar  spindle  occurs  in  that  annelid.  More  recently 
Eorschelt  (6)  has  described  the  maturation  in  the  egg  of  another 
annelid  Ophryotrocha,  from  which  it  appears  that,  in  mode  of 
derivation  of  the  second  polar  centrosome,  Ophryotrocha  agrees 
with  Thalassema,  save  that  in  the  former  the  centrosome  is  «*- 
presented  by  a  body  of  considerable  size. 

It  is  interesting  to  note  that  in  several  cases  the  second  polar 
telophase  shows  the  centrosome  again  divided  and  with  the 
halves  more  or  less  diverged,  as  though  preparing  for  a  third 
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mitosis.  This  incipient  amphiaster,  if  it  may  be  so  called,  never 
progresses  so  far  as  to  show  spindle  fibers.  A  third  mitosis  in- 
volving the  egg  centrosome  does  not,  however,  occur ;  for  soon 
after  the  above  described  stage  and  before  the  meeting  of  the 
pronuclei  both  centrosomes  with  their  surrounding  atmospheres 
and  asters,  degenerate  and  disappear.  This  doubling  of  the  cen- 
trosome seems  too  orderly  to  be  a  commencing  fragmentation 
preparatory  to  degeneration,  and  one  cannot  avoid  the  thought 
that  it  may  be  a  reminiscence  of  some  ancestral  process  such  as 
a  parthenogenetic  division  or  possibly  a  '^  quadrille  "  such  as 
Fol  has  described. 

A  somewhat  later  stage  shows  the  chromosomal  vesicles 
formed  and  closely  crowded.  All  that  is  now  left  of  the  egg 
center  are  a  few  indistinct  rays.  A  little  later  Fig.  10,  even 
these  disappear  and  the  vesicles  show  no  trace  whatsoever  of 
aster,  rays,  or  center  of  activity  connected  with  them.  More- 
over previous  to  their  disappearance  these  radiations,  in  connec- 
tion with  the  female  vesicles,  are  seen  lagging  behind  the  latter 
on  the  side  removed  from  the  male  pronucleus.  The  sperm 
center  at  this  stage  (Fig.  10)  consists  of  two  powerful  asters 
with  focal  centrosomes,  at  the  poles  of  a  hemispherical  pro- 
nucleus. 

The  foregoing  observations  show  conclusively^  as  I  believe, 
that  the  egg  centrosome  persists  throughout  all  the  maturation 
stages,  but  thereafter  disappears.  In  the  cleavage  stages  its 
place  as  directive  center  in  cell  division  is  taken  by  the  sperm 
centrosome.  The  sperm  asters  can  be  traced  throughout  all  the 
subsequent  fertilization  stages;  their  foci  at  no  time  show  any 
such  disturbance  or  sudden  doubling  or  increase  in  size  of  the 
centrosomes,  as  would  be  expected  did  the  egg  center  join  or 
fuse  with  them. 

The  Sperm  Centrosome. 

For  some  time  after  its  entrance  into  the  egg  the  spermhead 
shows  no  trace  of  archoplasmic  mass,  centrosome,  or  radial  ar- 
rangement in  the  surrounding  cytoplasm,  but  lies  as  a  large 
homogeneous  spherical  body,  somewhat  roughened  on  its  peri- 
phery, and  staining  intensely  black  by  haematoxylin.  It  is  sit- 
uated somewhat  eccentricly  within  a  surrounding  clear  area. 
In  this  condition  it  remains  for  some  time.  The  first  appear- 
ance of  the  aster  is  at  the  extremity  of  a  small  process  that 
arises  from  the  spermhead.  In  the  stage  figured  this  is.directed 
forward  toward  the  center  of  the  egg,  but  in  one  or  two  earlier 
preparations  it  appeared  to  be  situated  at  one  side  and  directed 
tangentially.     This   fact  may  indicate  that  the  spermhead  ro- 
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tales,  as  Wilson  and  Mathews  (10)  have  shown  to  be  the  case 
among  the  Echinoderms.  The  process  extends  through  the 
surrounding  clear  region,  to  the  margin  of  the  cytoplasm,  where 
it  is  seen  to  be  crowned  by  a  minute  aster  with  a  focal  centro- 
some  similar  in  all  respects  to  the  egg  centrosome  in  its  earliest 
<;ondition,  the  rays  converging  directly  to  the  centrosome  with- 
out any  visible  surrounding  archoplasmic  mass.  A  division  of 
the  centrosome  which  soon  follows  leads  to  the  formation  of  a 
minute  amphiaster  still  some  distance  in  advance  of  the  main 
portion  of  the  spermhead.  (Fig.  8.)  By  this  time  the  process 
has  disappeared.  A  '^  central  spindle  "  connecting  the  daughter 
■centrosomes  is  not  demonstrable  in  all  cases.  In  cases  where  it 
appears  to  be  present,  it  is  impossible  to  decide,  owing  to  its 
extreme  minuteness,  whether  it  is  a  true  central  spindle  or 
merely  an  accidental  meeting  of  astral  rays.  In  later  stages  it 
•entirely  disapjiears. 

While  the  second  polar  anaphase  is  in  progress  both  the 
sperm  amphiaster  and  the  sperm  pronucleus  increase  in  size  and 
the  latter  assumes  a  vesicular  structure  and  approaches  the  am- 
phiaster. By  the  time  the  female  vesicles  are  formed  and  aggre- 
gated, and  their  radiations  are  disappearing,  we  find  the  male 
pronucleus  assuming  a  hemispherical  shape  with  the  base  closely 
applied  to  the  amphiaster,  one  centrosome  and  aster  at  each 
pole.  (Fig.  10.)  As  yet  no  centrosphere  has  appeared,  the  rays 
«till  converging  directly  to  the  centrosomes. 

Considerable  variation  exists  in  regard  to  time  of  fusion  of 
the  vesicles.  In  some  cases  they  fuse  extremely  early,  in  others 
they  reach  the  male  pronucleus  and  fuse  with  it  while  still 
separate  though  closely  aggregated.  This  appears  to  be  related 
to  the  position  of  the  male  pronucleus  at  the  time  of  the  second  po- 
lar anaphase.  If  the  former  is  still  some  distance  away  the  vesi- 
oles  may  have  time  to  fuse  before  meeting  it,  but  if,  on  the  other 
hand,  the  sperm  nucleus  has  already  advanced  so  as  to  lie  near 
the  vesicles  when  the  latter  are  formed  they  may  not  have  time 
to  fuse  before  copulation  of  the  pronuclei.  The  female  pronu- 
•clei  or  group  of  vesicles  now  applies  itself  to  the  base  of  the 
male  pronucleus  between  the  asters,  and  in  all  cases  so  far  ob- 
served, fuses  with  it  completely,  giving  rise  to  a  segmentation 
nucleus  in  which  there  is  no  visible  distinction  between  paternal 
-and  maternal  chromatin.  After,  or  even  before,  the  wall  separa- 
ting the  two  pronuclei  has  faded,  the  chromatin  is  observed  to 
have  thickened  at  various  points  to  form  the  commencement  of 
the  chromosomes.  This  fact  renders  it  highly  probable  that 
there  is  no  actual  fusion  of  the  chromatin,  but  that  each  half 
retains  its  individuality  and  that  one-half  of  the  resulting  chro- 
mosomes are  of  paternal  origin  and  the  other  half  of  maternal. 
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Throughout  all  these  stages  the  centrosomes  are  clearly  trace- 
able and  at  no  time  disappear.  During  the  formation  of  the 
segmentation  nucleus  the  asters  as  a  whole  become  far  less  dis- 
tinct, though  they  are  seen  to  be  composed  of  numerous  ex- 
tremely long  rays  that  converge  directly  to  the  centrosomes. 
Even  at  this  stage  fibres  can  be  observed  proceeding  inward 
toward  the  nucleus.    (Fig.  11.) 

The  Cleavage-figure. 

With  the  completion  of  the  segmentation  nucleus  the  asters 
again  become  distinct,  the  rays  steadily  increase  in  number 
and  become  more  densely  crowded  as  the  development  of  the 
asters  progresses.  A  small  centrosphere  now  begins  to  differ- 
entiate about  each  centrosome  The  spindle  fibers  from  each 
aster  are  now  more  marked,  throwing  the  nuclear  membrane 
into  folds  at  each  pole.  At  no  time,  however,  do  they  show  the 
slightest  evidence  of  entering  the  centrosphere,  but  in  all  cases 
end  centrally  at  the  periphery  of  the  centrosphere.  The  nucleus 
now  elongates,  becomes  spindle-shaped,  its  membrane  fades 
away  at  the  poles  before  the  advancing  spindle  fibers,  while 
laterally  it  is  visible  for  some  time,  forming  the  lateral  boundary 
of  the  spindle,  its  two  halves  converging  toward  the  poles  ex- 
actly like  astral  rays.    (Fig.  12.) 

It  persists  thus  for  some  time,  in  some  cases  until  the  process 
of  chromosome  formation  is  considerably  advanced,  but  sooner 
or  later  it  disappears.  In  the  stage  figured,  each  centrosphere 
contains  but  one  centrosome  occupying  a  central  position. 
Before  the  equatorial  plate  is  established,  however,  each  centro- 
some becomes  double  and  moves  into  a  slightly  eccentric  posi- 
tion,  nearer  the  outer  periphery  of  the  centrosphere.  In  favor- 
able preparations  each  pair  of  centrosomes  is  seen  to  lie  in  the 
center  of  a  body  or  area,  distinguished  from  the  surrounding 
centrosphere  by  staining  slightly  deeper  with  Iron  Heematox- 
ylin.  This  body,  however,  is  in  most  cases  extremely  faint  and 
can  be  made  out  only  with  difi9cult3^  Up  to  this  point  the 
spindle  has  been  steadily  elongating,  a  phenomenon  which  ap- 
pears  to  be  a  continuation  of  the  process  of  divergence  of  the 
centrosomes,  subsequent  to  the  division  which  gave  rise  to  the 
sperm  amphiaster.     (Compare  Figs.  8-12.) 

The  fully  formed  mitotic  figure  (Fig.  13)  is  closely  similar  in 
appearance  to  that  of  Toxopneuatea^  as  described  by  Wilson  (11). 
In  Thalaaaema,  as  in  Toxopneuatea,  each  aster  contains  an  im- 
mense lightly  staining  centrosphere,  sharply  distinct  from  the 
dense  outer  crown  of  astral  rays.  In  the  former,  however,  the 
distance  between  the  outer  peripheries  of  the  centrospheres  is- 
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over  one-half  the  diameter  of  the  egg,  a  much  greater  ratio  than 
that  figured  for  Toxopneustea  (12)  wherein  the  length  of  the 
spindle  similarly  measured  is  seldom  a  third  of  the  egg  diameter. 
The  reticulum  occupyijig  the  interior  of  the  centrospheres  is  ex- 
ceedingly fine  and  close.  It  stains  very  faintly  with  Hsematox- 
ylin,  though  quite  deeply  with  congo  red.  The  centrosomes  are 
now  seen  to  be  exceedingly  near  the  outer  peripheries  of  the 
centrospheres.  In  some  preparations  the  surrounding  darker 
area  seems  to  have  already  faded  away,  in  others  it  is  dis- 
tinguishable (faintly  it  is  true)  not  only  in  this  stage,  but  dur- 
ing the  early  anaphase  as  well,  though  even  then  it  soon  disap- 
pears.  In  most  cases  no  trace  of  rays  can  be  detected  within 
the  centrospheres,  though  sometimes  what  appears  to  be  a  few 
short  rays  can  be  seen  converging  toward  the  centrosome  when 
the  latter  is  near  the  periphery.  It  is  noteworthy  that  these  ap- 
pear only  when  the  centrosome  is  near  the  periphery,  and  that 
they  occur  on  the  outer  side  only  of  the  centrosome.  These 
rays,  however,  appear  much  finer  than  the  astral  rays  and  to  re- 
semble in  their  staining  properties  the  substance  of  the  centro- 
sphere.  The  astral  rays  can  be  readily  seen  to  branch  out  dis- 
tally  and  become  continuous  with  the  cytoplasmic  reticulum, 
exactly  as  described  by  Wilson  (10)  in  Toxopneustes,  More- 
over the  granular  nature  of  the  rays  and  of  the  cytoplasmic  retic- 
ulum is  clearly  demonstrable.  In  these  features  they  are  ex- 
actly similar  to  the  homologous  structures  in  the  maturation 
spindles. 

The  splitting  and  divergence  of  the  chromosomes  now  follow 
(Fig.  14),  during  which  the  centrosOmes,  undergoing  no  change 
save  perhaps  a  slight  further  divergence  of  the  daughter  centro- 
somes, persist  on  the  outer  periphery  of  each  centrosphere,  as 
two  dark  staining  granules.  In  this  condition  they  remain  un- 
til about  mid  anaphase,  when  (Fig.  15)  a  few  rays  may  be  seen  to 
be  focussed  about  each,  making  on  the  outer  periphery  of  each 
centrosphere  a  minute  and  rather  indistinct  amphiaster.  The 
old  rays  still  persist.  This  amphiaster,  as  will  be  seen,  is  the 
precocious  preparation  for  the  second  cleavage. 

The  next  stage  (Fig.  16)  shows  the  centrosomes  further  sepa- 
rated and  with  a  small  though  well  defined  aster  about  each. 
The  rays  of  these  asters  converge  directly  to  the  centrosomes 
with  no  certain  trace  of  surrounding  centrosphere.  In  this 
stage  it  would  be  impossible  to  distinguish  the  centrosomes 
were  it  not  for  the  asters.  The  centrosphere  now  ellipsoidal  in 
shape  has  been  growing  less  distinct,  its  interior  taking  a  darker 
stain  and  more  nearly  resembling  the  cytoplasm.  Except  in  the 
region  of  the  second  cleavage  amphiaster,  it  is  still  surrounded 
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by  the  old  rays  still  co^iverging  to  the  old  center.  The  diver- 
gence of  the  chromosomes  is  accompanied  by  a  gradual  elonga- 
tion of  the  old  spindle,  so  that  the  outer  periphery  of  each  cen- 
trosphere  comes  to  lie  nearer  the  egg  pesiphery.  By  the  time 
the  chromosomes  have  reached  the  edge  of  the  centrosphere 
€ach  becomes  converted  into  a  minute  vesicle,  and  the  centro- 
somes  of  each  amphiaster  have  further  diverged,  while  their  rays 
have  increased  in  number  and  distinctness.  (Fig.  17.)  The  old 
rays  are  now  mostly  indistinguishable,  though  they  persist  for 
some  time  on  the  sides  of  the  former  centrosphere,  still  converg- 
ing to  the  old  center.  Boveri  has  figured  (1)  just  such  a  per- 
sisting convergence  of  rays  to  a  previous  center,  in  Ciona,  just 
previous  to  formation  of  the  first  cleavage  figure. 

The  vesicles  are  now  drawn  up  into  the  region  of  the  former 
centrosphere,  where  they  gradually  fuse,  forming  at  first  a  lo- 
bate  nucleus.  The  newly  formed  amphiaster  lies  on  the  outer 
periphery  of  this  nucleus,  the  two  asters  separated  about  90°  ± 
<Fig.  18.) 

It  might  be  noted  that  from  the  first  each  aster  seems  to  de- 
velop, independent  of  the  other,  around  its  focal  centrosome; 
there  seems  to  be  no  persistent  and  genuine  '^  central  spindle  " 
connecting  them.  What  seems  to  bs  a  central  spindle  in  Fig. 
IT  is,  I  believe,  merely  a  transitory,  non-significant  structure 
due  to  the  meeting  of  rays  from  the  two  asters.  It  later  dis- 
appears, with  the  complete  fusion  of  the  vesicles. 

The  nucleus  now  rounds  out,  all  trace  of  the  component 
vesicles  disappearing,  while  the  asters  continue  to  diverge  until 
they  occupy  opposite  poles  of  the  nucleus.  Even  before  the 
definite  position  has  been  reached,  spindle  fibres  commence  to 
grow  in  toward  the  nucleus.  The  subsequent  history,  so  far  as 
traced,  i.  6.,  until  commencement  of  the  second  cleavage  ana- 
phase, is  but  a  repetition  of  that  of  the  first.  At  the  poles  of 
the  completed  vesting  nucleus,  spindle  fibres  grow  in,  folding 
the  membrane,  which  later  first  fades  away  at  these  points.  The 
nucleus  becomes  spindle-shaped ;  a  centrosphere  is  formed 
around  the  centrosomes,  which  very  early  divide  and  become 
surrounded  by  a  darker  area  within  the  centrosphere.  In  the 
equatorial  plate  stage,  or  slightly  later,  the  centrosomes  com- 
mence to  migrate  toward  the  outer  periphery  of  the  centro- 
sphere, where  the  dark  area  fades  away.  Further  than  this  I 
have  not  followed  it. 

Effect  of  Fixing  Agents. 

Sublimate-acetic  (80%  sublimate  solution  and  20%  acetic 
acid),  though  in  general  affording  fine  fixation  of  both  chromatic 
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and  achromatic  structures,  yet  causes  the  deutoplasm  spheres  to 
lose  their  staining  power  more  or  less  completely,  while  picro- 
acetic  or  pure  sublimate  brings  them  out  sharply,  causing  them 
to  stain  intensely  black  with  Hsematoxylin.  This  seems  to> 
hold  true  in  a  measure  for  the  centrosomes,  since  in  many 
cases  they  fail  to  appear  after  treatment  with  sublimate-acetic. 
This  agent  also  appears  to  swell  up  the  centrospheres  to  a  con- 
siderable  extent,  giving  them  in  the  fully-formed  cleavage  figure 
a  diameter  greater  than  the  width  of  the  spindle  at  the  equatorial 
plate,  while  after  picro-acetic  their  diameter  is  considerably  less 
than  that  of  the  equatorial  plate.  In  other  respects,  however,, 
they  present  an  appearance  closely  similar  to  that  described  by 
Wilson  (11)  in  Toxopneustes  After  the  same  reagent.  He  then 
obtains  a  large  reticulated  centrosphere  staining  red  b}'^  Bor- 
deaux or  Congo  red,  surrounded  by  a  dense  crown  of  blue 
staining  astral  rays,  and  in  which  '^  there  is  absolutely  nothing 
that  can  be  identified  as  a  centrosome.^^  This  renders  it  not  im- 
possible, as  Wilson  has  himself  expressly  pointed  out,*  that  the 
centrosome  may  be  here  likewise  present  within  the  centro- 
sphere in  the  same  form  as  in  Thalassema.  This  is,  perhaps, 
strengthened  by  the  fact  that  both  Boveri  (2)  and  Reinke  (9V 
have  described  in  the  Sea  urchins  a  centrosphere  more  or  less 
closely  similar  to  that  of  Toxopneustes.  On  the  other  hand,  it 
should  be  noted  that  in  numerous  preparations  of  the  sublimate 
series  the  egg  of  Thalassema  still  retains  traces  of  the  behavior 
of  the  centrosome,  so  easily  made  out  in  the  picro-ascetic  series. 
Thus  in  the  fully  formed  cleavage  figure  up  to  mid  anaphase 
there  is  often  seen  a  circular  hyaline  region,  occupying  the  same 
relative  position  within  the  centrosphere  as  the  cloudy  area  sur- 
rounding the  centrosomes  in  the  corresponding  stages  of  the 
picro-acetic  series.  Within  this  area  I  observed  in  some  cases 
two  dark  staining  granules  in  every  respect  similar  to  the  cen- 
trosomes, while  in  other  preparations  these  could  not  be  demon-^ 
strated.  Moreover,  in  certain  poorly  preserved  and  much  dis- 
torted picro-acetic  preparations  exactly  such  a  clear  area  could 
be  seen  surrounding  the  centrosomes.  In  the  sublimate-acetie 
series  it  was  extremely  rare  to  find  a  trace  of  the  newly  formed 
peripheral  second  cleavage  amphiaster,  though  occasionally 
during  and  subsequent  to  the  telophase  the  minute  asters  could 
be  made  out,  with  their  centers,  however,  swollen  up  and  bereft 
of  centrosome.  None  of  these  appearances  are  described  for 
Toxopneustes.  It  might  be  interesting  to  add  that  in  Sphmrech- 
inus  Hill   obtains  (5),  after  using  sublimate-acetic,  a  distinct 
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centrosome  in  the  first  cleavage  figure.    Yon  Rath  (8)  also  de- 
scribes a  similar  state  of  affairs  in  the  Echinoderms. 

Both  V.  Beneden  and  Boveri  have  given  detailed  descriptions  of 
the  morphology  of  the  polar  systems,  centrosome,  sphere,  rays, 
etc.  Between  the  accounts  of  these  two  investigators  there  ex- 
ists considerable  discrepancy  which  has  been  carefully  considered 
by  Hacker  (4).  In  Thalasama  it  would  seem  that  morphologi- 
cally the  minute  dark  staining  granule  is  equivalent  to  Boveri 's 
*'  centriole,"  the  cloudy  surrounding  area  to  his  "  centrosom," 
the  centrosphere  to  the  "  hellem  Hof,"  and  the  crown  of  astral 
rays  to  his  **archoplasm."  Furthermore,  my  "centrosphere" 
seems  to  correspond  to  the  centrosphere  described  by  Stras- 
burger  in  Vegetal  Earyokinesis.  Functionally,  however,  the 
black  granule  ("  centriole  ")  is  here  the  true  centrosome,  since  it 
alone  of  all  the  elements  of  the.  polar  system  persists  and  multi- 
plies by  division.  We  have  seen  that  the  rays  centrosphere 
and  cloud}"^  area,  which  are  in  turn  differentiated  about  the  cen- 
trosome, are  formed  only  during  the  stages  immediately  pre- 
ceding the  establishment  of  the  chromosomes  and  equatorial 
plate,  and  commence  to  break  down  the  moment  the  anaphase  is 
fairly  under  way.  They  subsequently  degenerate  in  situ  and 
disappear  completely,  while  the  centrosome,  unaccompanied  by 
any  surrounding  archoplasm  mass,  migrates  to  the  periphery  of 
the  centrosphere,  where  it  sets  up  a  new  series.  From  this  fact, 
as  well  as  from  the  extreme  minuteness  and  constancy  in  size  of 
the  centrosome,  it  would  appear  that  the  rays,  centrosphere  and 
cloudy  area  are  probably  to  be  looked  upon  as  differentiations 
of  preexisting  cytoplasmic  material,  or  possibly  the  product  of 
a  specific  form  of  metabolic  activity  set  up  in  the  cytoplasm  by 
the  centrosome,  which  disengages  the  forces  at  work  in  mitosis. 

Zoological  Laboratory  Columbia  University, 

May,  1896. 

[Since  the  above  went  to  press  there  has  appeared  an  ex- 
tremely interesting  article  by  Kostanechi  and  Wierzejshi  (Ueber 
das  Yerhalten  der  sogen.  achromatische  Substanzen  Im  befruch- 
teten  Ei.  Nach  Beobachtungen  an  Physa  fontanalis,  Archiv.  f. 
Micr.  Anat.  Bd.  47  H.  2  April,  1896).  From  the  figures  and  ac- 
counts of  these  authors  it  appears  that  Physa  very  closely  re- 
sembles Thalassema.  In  the  precocious  division  of  the  centro- 
some, the  origin  of  the  second  polar  spindle,  the  absence  of  a 
quadrille,  the  division  of  the  second  polar  centrosome  previous 
to  its  disappearance,  the  formation  of  the  sperm  amphiaster,  and 
in  some  cases  the  curving  of  the  rays — in  all  these  points  the 
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correspondence  is  almost  complete.  Moreover,  during  midana- 
phase  these  investigators  obtain  two  small  amphiasters  at  the 
poles  of  the  first  cleavage  figure  in  all  respects  similar  to  those 
of  my  fig.  16.  In  Fkysa,  however,  there  is  no  large  centro- 
sphere,  and  consequently  no  previous  peripheral  wandering  of 
the  centrosomes. — June,  1896.] 
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Explanation  of   Plates. 

Figs  1,  2,  4,  5,  8,  9,  10,  11,  12,  17  and  18  were  drawn  by  Prof.  Wilson  and 
tbe  writer ;  tbe  remainder  were  drawn  by  tbe  writer. 

PLATE  IX. 

Fio.  1.  Tbe  egg  ten  minutes  after  fertilization,  sbowiug  tbe  minute  asters 
and  their  focal  centrosomes,  also  tbe  large  black  nucleolus. 

Fio.  2.  Somewhat  lat^r  stage  several  tetrad  groups  have  been  already 
formed. 
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Fio.  3.  The  same  stage,  showing  variation  in  relation  of  asters  to  nnclens. 
Fig.  4.  Much  later  stoge.    The  tetrad  groups  have  now  been  established, 
leaving  a  mass  of  discard^  chromatin.    The  sperm  head  is  shown  at  ^ . 
•  Fio.  5.  First  polar  spindle  daring  halving  of  tetrads.    Sperm  head  at  ^ . 
Fio.  6.  First  polar  telophase.    Sperm  head  and  aster  ( ^  ). 

PLATE  X. 

Fio.  7.  Second  polar  spindle,  still  tangential  in  position.  Slightly  later 
than  Fig.  6. 

Fio.  8.  Second  polar  spindle.    Spermhead  with  amphiaster  (  ^ ). 

Fio.  9.  Second  polar  telophase,  showing  centroeomes  divided.  Sperm- 
head  and  amphiaster  ( ^  ). 

Fio.  10.  Shortly  before  copalation  of  pronuclei,  showing  male  pronucleus 
( ^  )  with  powerful  asters,  and  the  female  vesicles  ( 9  *  devoid  of  asters. 

Fio.  11.  Copulation  of  pronunclei. 

Fig.  12.  Somewhat  later  stage,  segmentation  nucleus  elongating. 

PLATE  XI. 

Fig.  13.  Fully  formed  first  cleavage  figure,  showing  centroeomes  already 
divided  and  surrounded  by  the  darker  area,  nearing  the  periphery  of  the 
centrosphere. 

Fig.  14.  Commencement  of  anaphase.  Centrosomes  or  periphery  of  cen- 
trosphere. 

Fig.  15.  Stage  just  previous  to  mid  anaphase,  minute  amphiaster  forming 
about  the  centroeomes. 

Fig.  16.  Mid  anaphase,  amphiaster  elongated. 

Fig.  17.  Vesicles  previous  to  fusion. 

Fig.  18.  Vesicles  fusing. 


ANATOMY  OF  THE  EAR  OF  THE  DOG-FISH  (GALEUS 
CANIS.)     PRELIMINARY  PAPER. 

By  Warren  H.  Everett. 

This  work  was  begun  at  the  Marine  Biological  Laboratory, 
Wood^s  Holl,  Mass.,  during  the  summer  of  1893,  at  the  sugges- 
tion of  Prof.  Howard  Ayres,  of  the  University  of  Missouri.  It 
was  continued  at  Hamilton  College  under  the  supervision  of 
Prof.  A.  D.  Morrill,  and  brought  to  its  present  state  of  com- 
pleteness at  the  Biological  Laboratory  of  the  New  York  Uni- 
versity. 

The  auditory  capsule  of  the  dog-fish  (Galeus  canis)is  situated 
on  either  side  of  the  head  just  outside  of  the  brain  cavity,  the 
anterior  wall  of  the  capsule  forming  the  posterior  wall  of  the 
orbit.  A  line  drawn  from  the  posterior  corner  of  the  eyelids 
would  touch  the  most  anterior  part  of  the  ear. 

The  capsule  consists  of  a  mass  of  hyaline  cartilage,  lined  in- 
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side  and  out  with  a  layer  of-  small  calcareous  plates.  The  cavity 
within  the  capsule  is  known  as  the  capsular  or  perilymphatic 
cavity,  and  incloses  the  internal  membranous  labj'rinth  or  ear. 
The  cavity  is  an  irregular  chamber  with  canals  arising  from  it. 
In  the  freshly  killed  animal  this  cavity  contains  a  thin,  trans- 
parent and  watery  substance,  the  perilymphatic  fluid.  There 
may  also  be  seen  a  network  of  fine  connective  tissue  fibres  which 
connect  the  membranous  portions  of  the  ear  with  the  walls  of 
the  cavity,  holding  them  in  place  and  at  the  same  time  support- 
ing the  blood  vessels  of  the  ear.  Where  the  membranous  parts 
are  in  close  contact  with  the  walls  of  the  cavity  the  fibres  form 
a  cushion  between  the  membrane  and  the  wall.  These  fibres  are 
especially  distinct  in  preserved  material. 

The  internal  ear  consists  of  a  body  made  up  of  two  parts 
closely  united  and  three  curved  tubes  that  arise  from  the  body 
in  different  planes.  The  divisions  of  this  body  portion  are  called 
the  sacculus  and  the  utriculus,  and  the  tubes  given  off,  the 
semi-circular  canals.  The  sacculus  gives  off  a  small,  rounded 
body,  the  lagena.  The  recessus  utriculus  is  near  the  proximal 
end  of  the  utriculus  and  under  the  ampullse  of  the  anterior 
and  horizontal  canals.  Figs.  1-5  show  these  parts  as  seen  from 
the  side,  back,  above,  front  and  behind.  The  transverse  and 
vertical  diameters  of  the  ear  are  approximately  equal.  The 
axial  diameter  is  somewhat  greater. 

Let  us  now  look  at  each  part  of  the  ear  separately,  beginning 
with  the  sacculus  (s.)  and  utriculus  (u.)  as  the  most  prominent 
and  as  occupying  a  central  position  around  which  the  other 
parts  are  arranged. 

Sacculus. 

The  sacculus  (s.)  is  the  largest  division  of  the  ear.  It  lies 
upon  the  ventral  and  inner  wall  of  the  body  part  of  the  cap- 
sular cavity,  occupying  a  little  more  than  one-half  the  whole 
space.  It  may  be  compared  in  shape  to  a  flattened  sack  or 
flask,  the  sides  of  which  project  more  posteriorly  than  anteri- 
orly. The  upper  part  of  the  sacculus  is  marked  by  a  depression 
that  extends  somewhat  diagonally  across  the  dorsal  surface. 
(  *  *  Fig.  5.)  The  portion  above  this  depression  is  the  utricu- 
lus (u.).  If  we  examine  the  inner  or  ventral  wall  of  the  sac- 
culus (s.)  we  find  no  line  of  separation.  The  sacculus  seems  to 
pass  into  the  ductus  endolymphaticns  (d.  end.),  gradually  nar- 
rowing down  until  it  becomes  a  small  tube  not  more  than  1  mm. 
in  diameter.  This  tube,  which  is  the  ductus  endolymphaticns 
proper,  passes  upward  just  in  front  of  the  connecting  tube  of 
posterior  canal  (p.  c.  t.),  inclines  a  little  toward  the  median 
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plane,  and  upon  reaching  the  top  of  the  ear  bends  suddenly 
toward  the  median  plane,  passes  through  the  wall  of  the  cap- 
sule and  enters  an  oblong  depression  in  the  top  of  the  skull. 
The  duct  now  expands  into  a  flattened  sack  which  makes  four 
bends  and  opens  externally  close  to  the  occipital  portion  of  the 
lateral  line.  Whether  the  ductus  endolymphaticus  connects  or 
communicates  with  the  lateral  line  system,  I  cannot  say.  One 
dissection  gave  evidence  that  such  was  the  case  and  also  that  a 
nerve  communicated  with  the  terminal  pore,  but  as  yet  I  have 
not  been  able  to  make  control  dissections. 

From  the  dorsal  wall  of  the  main  body  chambers  of  the  cap- 
sular cavity  there  projects  downward  a  piece  of  cartilage  which  is 
firmly  attached  to  the  dorsal  wall  of  the  sacculus  (s.)  near  the 
center.  In  the  vicinity  of  the  lagena  (1.)  there  is  also  a  point 
where  the  wall  of  the  sacculus  is  closely  attached  to  the  wall  of 
the  capsule. 

Lagena. 

The  lasena  is  an  outgrowth  from  the  posterior  part  of  the  sac- 
culus (s.j.  It  is  a  small  rounded  sack  projecting  downward 
paralell  to  the  median  plane.  It  extends  about  1  mm.  below  the 
lower  surface  of  the  sacculus.  It  seems  to  be  formed  by  a  con- 
striction in  the  sacculus  as  well  as  by  an  outgrowth  of  its  pos- 
terior wall.  The  lagena  presents  more  and  greater  variation 
than  any  other  part  of  the  ear. 

Utriculus. 

The  utriculus  (u.)  is  an  elongated  flattened  tube  extending 
from  the  anterior  ampulla  (a.  a.  Figs.  1  and  5)  across  the  upper 
part  of  the  sacculus.  Then  curving  upward  it  becomes  thicker 
and  broader  and  continues  upward  until  it  connects  with  the 
horizontal  and  anterior  canals.  As  before  noticed,  the  utriculus 
(u.)  is  on  the  dorsal  wall  of  the  sacculus  above  the  diagonal  line 
of  depression  (**  Fig.  5),  and  rests  on  the  dorsal  or  outer  wall 
of  the  ductus  endolymphaticus.  The  utriculus  communicates 
with  the  sacculus  by  means  of  the  canalis  utriculo-saccularis, 
which  is  a  long  slit-like  opening.  There  is  no  communication 
between  the  utriculus  and  the  ductus  endolymphaticus  except 
through  the  sacculus  or  recessus  utriculus  (r.  u.),  because  the 
partition  which  forms  the  base  of  the  utriculus,  and  also  the 
lower  lip  of  the  opening  between  the  utriculus  and  sacculus,  lies 
upon  and  adheres  closely  to  the  dorsal  wall  of  the  ductus  en- 
dolymphaticus. 

Sinus  Utriculus. 

The  upper  part  of  the  utriculus  (u.)  is  somewhat  thicker  and 
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broader  than  the  utriculus  proper  and  is  called  the  sinus  utricu- 
lus  (sin.  u.).  Its  position  is  such  as  to  form  a  nearly  vertical 
portion  of  the  ear.  The  horizontal  canal  enters  this  sinus  at 
about  the  middle  of  its  posterior  wall.  The  anterior  canal 
enters  the  top  of  the  sinus,  which  is  reduced  in  size  and  some- 
what flattened  in  the  plane  of  this  canal. 

^  Recessus  Utriculus. 

At  the  anterior  end  of  the  sacculus,  immediately  under  the 
ampullae  of  the  anterior  and  horizontal  canals  (a.  a.,  h.  a.,  Fig.  I), 
and  touching  the  anterior  end  of  the  utriculus  and  also  a  por- 
tion of  the  ventral  wall  of  the  utriculus,  is  a  rounded  body  a 
little  longer  than  broad  and  a  trifle  flattened  dorsally.  This 
rounded  body  is  the  recessus  utriculus  (r.  u.).  It  communi- 
cates with  the  utriculus  by  means  of  the  ductus-utriculi,  a  small 
slit  in  the  upper  inner  wall  of  the  recessus  utriculus.  It  also 
communicates  with  the  sacculus  by  a  broader  opening,  the  canalis 
recessus  saccularis.  The  ductus-utriculi  is  situated  just  above 
the  canalis  recessus  saccularis. 

Semicircular  Canals. 

Arising  from  the  sacculus  i^nd  utriculus  are  three  nearly  semi- 
circular tubes.  These  tubes  are  from  1  to  1^  mm.  in  diameter 
and  very  regular.  Each  tube  is  inclosed  in  a  capsular  canal. 
They  arise  in  three  distinct  planes  and  receive  their  names  from 
their  positions.  The  one  that  lies  in  a  vertical  plane  forward 
and  outward  is  called  the  anterior  canal.  The  one  that  lies  in  a 
vertical  plane  backward  and  outward  is  called  the  posterior  canal. 
The  third  canal  lies  in  a  plane  nearly  horizontal  to  the  body  of 
the  ear.  The  planes  of  the  first  and  second  canals  make  an 
angle  of  107^  with  each  other. 

The  plane  of  the  anterior  canal  makes  an  angle  of  37^  with 
the  median  plane.  The  plane  of  the  posterior  canal  makes  an 
angle  of  36^  with  the  median  plane.  These  angles  are  the  aver- 
ages obtained  by  actual  measurements  made  after  the  top  of  the 
capsule  had  been  removed  and  before  the  canals  had  been  in  any 
way  disturbed.  Out  of  more  than  twenty-five  measurements, 
the  greatest  variations  found  in  any  angle  was  less  than  1  ^ ; 
very  few  measurements  showed  any  variations.  Fig.  6  is  a 
traced  copy  made  from  a  photograph  of  the  ear  and  brain.  It 
shows  the  relations  of  the  ear  to  the  brain  and  eye,  also  the 
angles  made  by  the  anterior  and  posterior  canals.  The  third 
canal  extends  outward  from  about  the  center  of  the  body 
of   the  ear  in  a  plane  slightly  oblique  to  the  frontal  plane. 
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This  is  called  the  horizontal  canal.  The  proximal  end  is 
in  close  relation  with  the  proximal  end  of  the  anterior 
canal  at  the  recessus  utriculus  (r.  u.);  while  the  distal  end 
enters  the  sinus  utriculus  through  its  posterior  wall  a  little 
above  the  plane  of  the  canal. 

The  posterior  canal  (p.  c.)  is  almost  completely  separated  from 
the  body  of  the  ear.  At  the  proximal  end  just  after  the  canal 
bends  inward  and  forward  is  an  enlargement,  the  ampulla  of  the 
posterior  canal ;  from  this  ampulla,  inclosed  in  a  capsular  canal 
is  a  thin  membranous  tube  which  connects  the  ampulla  with  the 
distal  end  of  the  canal.  This  tube  is  the  connecting  tube  of 
posterior  canal  (p.  c.  t.). ,  It  is  much  larger  than  the  rest  of  the 
canal  and  completely  fills  the  capsular  canal. 

The  only  communication  which  the  posterior  canal  has  with 
the  body  of  the  ear  is  a  small,  short  tube,  the  ductus  canalis  pos- 
terioris  (d.  c.  p.).  It  arises  from  the  middle  of  the  connecting 
tube,  passes  under  the  distal  end  of  the  horizontal  canal,  and 
enters  the  sacculus  pointing  toward  the  lagena. 

Ampulla. 

The  proximal  ends  of  all  the  canals  are  swollen  into  vesicle- 
like bodies  having  the  side  farthest  from  the  center  flattened  at 
the  point  where  the  nerve  enters*  These  enlargements  are  the 
ampullae  (a.  a.,  p.  a.,  h.  a.). 

The  ampulla  of  the  anterior  canal  is  directly  above  the  utricu- 
lus  (u.)  and  opens  freely  into  it.  The  ampulla  of  the  horizontal 
canal  is  connected  with  the  utriculus  by  means  of  a  short  tube^ 
the  ampullar  tube  (a.  t.).  It  enters  the  utriculus  under  the  pos- 
terior part  of  the  anterior  ampulla.  The  ampulla  of  the  pos- 
terior canal  has  been  mentioned.  It  is  larger  and  longer  than 
either  of  the  others. 

Nerve  Supply. 

The  auditory  or  eighth  cranial  nerve  passes  from  the  brain 
and  enters  the  capsular  cavity  in  the  same  plane  as  the  lower  sur- 
face of  the  brain  and  at  nearly  right  angles  to  the  axis  of  the 
body.  Upon  entering  the  capsular  cavity  the  nerve  (n.)  comes  im- 
..ji-^^i-  :-.4.^  '^'^ntact  with  the  anterior  portion  of  the  sacculus 
\  recessus  utriculus  (r.  u.).     At  this  point  the 
>  two  branches.     One  branch  supplies  the  sac- 
d   posterior  ampulla;  the   other  the  recessus 
ampullae  of  the  anterior  and  horizontal  canals, 
ich  is  made  up  of  two  parts  :  the  ramulus  pos- 
plies  the  ampulla  of  the  posterior  canal,  and 
3ularis,  which  supplies  the  ventral  part  of  the 
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sacculus.  This  ramulus  branches  and  spreads  over  the  ventral 
wall  of  the  sacculus.  Pai*t  of  the  fibres  of  this  ramulus  extend 
to  the  papilla  acustica  lagenee.  From  about  the  middle  of  the 
ramulus  posterioris  (r.  p.  a.,  Fig  2)  and  directly  under  the  an* 
terior  part  of  the  connecting  tul^  of  the  posterior  canal  (p.  c.  t.), 
two  small  branches  are  given  off,  the  ramuli  of  the  macula  neg- 
lecta(m.  n.).  These  ramuli  pass  upward  to  the  connecting  tube 
of  the  posterior  canal.  The  larger  ramulus  clasps  the  upper 
side  of  the  tube  with  brush-like  endings.  The  smaller  ramulus 
clasps  the  under  side  and  the  fibres  of  the  two  interlace.  The 
other  main  branch  of  the  auditory  nerve  turns  upward  toward 
the  recessus  utriculus  and  branches,  sending  off  the  ramulus  re- 
cessus  to  the  ventral  wall  of  the  recessus  utriculus.  A  little  be- 
yond, the  main  branch  divides  and  sends  ramuli  to  the  ampullse 
of  the  anterior  and  horizontal  canals. 
Biological  Labobatoby, 

New  Yobk  Univebsity,  May,  1896. 

Explanation  of  the  Figubes. 

BEFEBENCE  LETTEBS. 

s.  Saocnlns. 

n.  U^oalos, 

r.a.       Recessus  utrionlas. 

1.  Lageoa. 

a.  0.       Anterior  Canal. 

p.  c.      Posterior  Canal. 

h.  a      Horizontal  Canal. 

a.  a.       Anterior  Ampulla. 

p.  a.      Posterior  Ampulla. 

h.  a.      Horizontal  Ampulla. 

d.  end.  Ductus  endolymphaticus. 

d.  c.  p.  Ductus  oanalis  posterioris. 

p.  c.  t.  Connecting  tufa«  of  the  posterior  canal. 

sin.  u.    Sinus  utriculus. 

*  *         Line  of  depression  between  s.  and  u. 

a.t.        Ampullar  tube. 

n.  Auditory  Nerve,  8th  Cranial  Nerve. 

r.  p.  a.  Ramulus  to  posterior  Ampulla. 

m.  n.    Macula  neglecta. 

Plates  XII.,  XIII.,  Figs.  1-5.  Show  different  views  of  the  complete  mem- 
branous  ear  of  the  right  side.  Fig.  6,  View  of  the  canals  and  their  relation 
to  the  brain  and  eye. 

Fig.  1.  The  membranous  ear  as  seen  from  the  outside  at  nearly  right 
angles  to  the  side  of  the  head  and  a  little  above.  It  shows  the  shape  and  po- 
sition of  the  sacculus  (s.),  utriculus  (u. ),  lagena  (1.)  and  their  relation  to 
each  other:  also  the  position  of  the  ampullae  with  respect  to  the  canals  and 
the  recessus  utriculus  (r.  u. ).  d.  c.  p.  represents  the  small  connecting  tube 
between  the  connecting  tube  of  the  posterior  canal  (p.  o.  t.)  and  the  saccu- 
lus (s. ). 
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Fig.  2.  The  membranous  ear  as  seen  from  the  inside  at  right  angles  to 
and  on  a  level  with  the  head.  It  shows  the  position  of  the  dactns  endolym- 
phaticuB  (d.  end. )  and  its  relation  to  the  saccnlns  (s.),  ntricnlos  (n. )  and  the 
recessns  ntriculns  (r.  n. ).  It  also  shows  the  position  of  the  ntricnlus  (a.) 
with  respect  to  the  recessns  ntricnlos  (r.  n. )  and  the  ampulla  of  the  anterior 
canal  (a.  a.).  The  two  dotted  lines  that  extend  from  the  ramulus  of  the 
posterior  ampulla  to  the  ductus  canalis  posterioris  (d.  c.  p. )  show  the  course 
of  the  ramuli  of  the  macula  neglecta.  (m.  n. )  marks  the  macula. 

Fig.  3.  The  membranous  ear  as  seen  from  in  front.  It  shows  the  over- 
lapping of  the  connecting  tube  of  the  posterior  canal  (p.  c.  t. )  over  the  sinus 
ntricnlus  (sin.  u. ).  It  also  shows  the  position  of  the  nerve  (n.)  which  sup- 
plies the  recessns  ntricnlus  (r.  u. )  and  the  ampnllse  of  the  horizontal  and 
anterior  canals  (h.  a. )  (a.  a. ). 

Fig.  4.  The  membranous  ear  as  seen  from  behind.  It  shows  the  pos- 
terior canal  (p.  c.)  and  the  tube  (d.  c.  p. )  that  connects  it  with  the  sacculus 
(s.)y  lagena  (1. )  and  sinus  ntricnlus  (sin.  u. )  as  seen  from  a  posterior  direc- 
tion. It  shows  the  angle  of  the  horizontal  canal  (h.  c.)  with  respect  to  the 
body  of  the  ear.  Also  a  general  end  view  of  the  sacculus  (s. ).  It  also  shows 
the  ampullar  tube  (a.  t. )  of  the  horizontal  canal  (h.  c. ). 

Fig.  5.  The  membranous  ear  as  seen  from  above.  It  shows  the  large 
curve  made  by  the  horizontal  canal  (h.  c. )  and  the  shape  of  the  ampulla  (h.  a. ) 
of  the  horizontal  canal  (h.  c. )  together  with  the  angle  at  which  it  enters  the 
ntricnlus  (u. )  at  the  base  of  the  anterior  ampulla  (a.  a. ).  The  darkened  line 
from  the  horizontal  and  anterior  ampnllse  represents  the  diagonal  line  of 
depression  (*  *)  which  marks  the  separation  of  the  ntricnlus  ( u. )  and  sac- 
culus (s.).  This  view  also  shows  the  angle  between  the  posterior  and  an- 
terior canals  (p.  c. ),  (a.  c. ). 

Fig.  6.  This  is  a  drawing  traced  from  a  photograph  of  ear,  eye  and 
brain.  It  shows  the  angles  made  by  the  anterior  and  posterior  canals  with 
the  axis  of  the  head  and  with  each  other.  Also  the  position  of  the  ear  as 
referred  to  the  eye  and  brain. 


THE  PACIFIC  SALMON  WITH  NOTES  ON  THE 
HABITS  OP  THB  YOUNG.* 

By  Tarlbton  H.  Bean. 

The  natural  distribution  of  the  salmon  family  covers  all  the 
principal  divisions  of  the  world,  within  arctic  and  temperate 
limits,  except  South  America,  and  even  in  that  continent  man 
has  attempted  to  supply  what  nature  omitted. 

The  river  trout  and  sea  trout  of  Great  Britain  have  been  ac- 
climatized in  Tasmania  and  New  Zealand,  and  the  former  has 
been  successfully  introduced  into  many  waters  of  the  United 
States.  The  rainbow  trout  of  California  is  now  thriving  in 
many  of  the  Eastern  States,  in  which  it  has  been  planted,  as 
well  as  in  Mexico,  Japan  and  Continental  Europe.     The  quinnat 

*  Read  April  13, 1896,  before  the  Biological  Section  of  the  New  York  Academy  oi 
ScienceB. 
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salmon  of  California  is  now  reared  with  certainty  in  some  parts 
of  France  and  Germany. 

Ichthyologists  now  recognize  about  one  hundred  valid  spe- 
cies in  the  salmon  family,  including  the  white  fish,  the  inconnu  or 
nelma^  ai  of  Japan,  lenok  of  Siberian  rivers  and  lakes,  the  black- 
spotted  river  trout,  the  red-spotted  charr  and  the  Pacific  and 
Atlantic  salmon. 

In  North  America  a  species  of  trout  is  native  in  the  Sierra 
Madre  of  Mexico,  in  Chihuahua,  near  the  boundaries  of  DU- 
rango  and  Cinaloa.  This  is  the  most  southerly  species  known. 
The  range  northward  is  coincident  with  the  limits  explored  by 
man.  In  the  United  States  the  eastward  distribution  of  black- 
spotted  trout  was  checked  by  the  plains  of  the  middle  region, 
which  present  conditions  unfavorable  to  salmon  life.  The  At- 
lantic ocean  formed  an  impassable  harder  to  their  westward 
migration  and  their  want  of  adaptation  to  Arctic  life  prevented 
invasion  of  Atlantic  streams  from  the  north. 

The  salmon  family  includes  some  small  members,  for  example, 
the  capelin,  the  oulachon,  or  candle  fish,  the  smelts ;  and  such 
very  large  ones  as  the  common  whitefish,  the  inconnu,  the  lake 
trout,  the  Atlantic  salmon  and  several  of  the  Pacific  salmons. 

The  genus  of  Pacific  salmons,  Oncorhynchus,  was  established 
by  Dr.  Suckley,  in  1861,  in  the  Annals  of  the  L3^ceum  of  Natural 
History  of  New  York.  It  was  based  upon  the  Salmo  Scouleri 
of  Richardson,  now  known  as  the  gorbuscha^  or  little  humpback 
salmon,  the  smallest  of  the  known  species  unless  we  regard 
Kennerly's  salmon  as  a  distinct  form,  and  not  a  variety  of  the 
red  salmon  dwarfed  by  landlocking. 

Five  well  marked  species  of  Oncorhynchus  are  recognized  at 
present  and  these  inhabit  the  North  Pacific  Ocean,  from  which 
they  ascend  rivers  at  various  periods  of  their  lives,  but  chiefiy 
when  about  to  spawn.  The  identification  of  the  species,  fortu- 
nately, is  not  difficult  and  may  be  accomplished  by  reference 
merely  to  the  number  of  scales  in  a  longitudinal  series,  branch- 
iostegal  rays,  anal  rays  and  gill-rakers — all  external  characters 
except  the  last. 

One  of  the  salmon,  the  little  humpback,  has  more  than  200 
scales  in  the  lateral  line,  and  is  at  once  distinguished  thereby. 
Two  of  them  have  about  150  scales,  the  quinnat  and  the  dog 
salmon,  and  they  are  readily  separated  b}^  the  number  of  the 
branchiostegals  and  anal  rays.  Two  others  have  about  130 
scales  and  may  be  recognized  easily  by  the  great  difierence  in 
the  number  of  gill-rakers,  the  silver  salmon  having  23,  while  the 
red  salmon  has  35  or  more. 

The  red  salmon  can  be  identified  immediately  by  means  of  its 


Digitized  by  VjOOQIC 


184  TRANSACTIONS   OP  THE  [MAY  11, 

gill-rakers,  whtt^h  are  far  more  numerous  than  in  any  other 
species.  It  was  by  reference  to  this  character  that  the  young 
individuals  before  you  were  easily  made  out. 

The  following  brief  key  will  serve  to  distinguish  the  species  : 

Scales  200  or  more Gorbuscha. 

Scales  about  150 ; 

B.  17;  A.  16 Chouicha. 

B.  14;  A.  14 Keta. 

Scales  about  130; 

Gill  rakers  23 Kisutch. 

Gill  rakers  36 Nerka. 

In  the  eight  small  examples  here  shown  the  gill-rakers  vary 
from  83  to  38,  and  the  lengths,  to  end  of  middle  caudal  rays, 
from  6|  to  6|  inches.    . 

The  great  size  of  some  of  the  species  of  Oncorhynchus,  the 
enormous  abundance  of  individuals,  and  the  surpassing  value  of 
the  products  of  the  salmon  fisheries  unite  to  increase  the  interest 
of  the  biologist  and  the  political  economist  in  this  noble  group 
of  fishes. 

To  illustrate,  the  average  weight  of  the  quinnat  salmon  is 
above  20  lbs.,  and  individuals  weighing  100  lbs.,  are  authenti- 
cally recorded.  At  St.  Paul,  Kadiak,  in  1880,  Mr.  B.  G. 
Mclntyre  had  one  that  weighed  87^  lbs.,  without  its  viscera ; 
the  fish  must  have  exceeded  100  lbs. 

The  abundance  of  the  fish  is  best  shown  by  reference  to  the 

statistics  of  the  canning  industry,  and  on  this  point  I  quote 

from  Dr.  Smith,  W.  A.  Wilcox  and  other  recent  authorities. 

Dr.  Smith  saj'^s : 

"  ^*>'-  -jhief  objects  constituting  the  products   of  the  west 

leries  are  salmon,  cod,  herring,  fiounders,  rockfish, 

lales,  fur  seals,  crabs,  shrimps  and  oysters.     The  salmon 

y  as  valuable  as  all  of  the  other  products  combined. 

ong  the  fishery  industries  of  the  Pacific  States  is  the 

f  salmon,  which  is  prosecuted  on  a  large  scale  in  Cali- 

egon,  Washington  and  Alaska.     In  1892,  56  canneries 

peration.     These  utilized  81,487,993  pounds  of  salmon, 

value   of  $2,376,037,  from  which    1,118,098   cases   of 

ih,  each  holding  48  one-pound  cans  or  the  equivalent, 

^ared,  the  market  value  of  the  canned   goods   being 

UVilcox,  in  Report,  U.  S.  Fish  Commission,  1893,  states 
Trom  1866,  the  year  in  which  salmon  canning  began  on 
ibia  river,  to  1893,  inclusive,  the  pross  weight  of  the 
bilized  for  canning  was  over  658,000,000  pounds,  and 
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the  value  of  the  pack  was  over  $59,000,000.  The  salmon  salted, 
consumed  fresh  locally,  or  shipped  fresh  to  other  parts  of  the 
country,  aggregated  192,000,000  pounds,  making  the  total  output 
of  the  Columbia  850,000,000  pounds,  worth  $66,000,000.  If  the 
total  salmon  catch  of  the  Columbia  river  during  that  period 
could  be  loaded  into  railroad  cars,  42,500  ordinary  freight  cars 
would  be  required  to  contain  the  fish,  which  would  make  a  solid 
train  over  280  miles  long." 

During  the  five  years  beginning  with  1889,  the  number  of 
pounds  of  salmon  utilized  in  Alaska  was  275,262,240,  an  average 
of  over  55,000,000  pounds  a  year. 

The  British  Columbia  salmon  pack  in  1895  was  566,395  cases 
of  48  pounds  each.  At  the  rate  of  12  fish  to  a  case  this  repre- 
sents 6,796,740  salmon. 

It  is  safe  to  assume  that  fully  20,000,000  of  salmon  are  util- 
ized annually  by  canning  and  salting  establishments  of  the 
Pacific  coast,  and  these  represent  chiefly  only  two  of  the  five 
species.  Vast  numbers  of  salmon  are  consumed  also  by  whites 
and  natives  in  the  region  inhabited  by  the  fish.  Upward  of 
150,000  salmon  have  been  caught  in  a  day  at  a  single  fishing 
station  in  Alaska. 

The  species  represented  by  the  greatest  number  of  individuals 
are  the  red  salmon  and  the  little  humpback. 

The  sea^going  habit  of  the  salmon  makes  the  study  of  its 
marine  life  history  impracticable,  and  there  are  no  stations  on 
any  of  our  salmon  streams  at  which  continuous  observations 
are  made.  There  is  not  even  a  fishery  at  sea  for  any  of  the 
species,  as  there  is  in  the  Baltic  in  winter  for  the  Atlantic  sal- 
mon. Under  such  conditions  our  knowledge  of  the  fish  comes 
slowly  and  imperfectly,  the  sources  of  information  being  limited 
chiefly  to  fish-breeding  establishments  wherein  salmon  are  kept 
under  a  species  of  domestication. 

The  following  remarks  upon  the  migrations  of  the  Atlantic 
salmon  are  found  in  Day's  British  and  Irish  Salmonidse : 

^^  Respecting  the  salmon,  trout  and  charr,  the  most  diverse 
opinions  have  been  and  are  still  held  as  to  whether  their  ances- 
try was  marine  or  fresh  water.* 

"  The  fact  must  not  be  lost  sight  of  that,  if  salmon  ever  de- 
pended for  their  entire  subsistence  on  the  fresh  water  the}*^  ascend, 
the  amount  of  food  they  would  require  would  be  so  great  in  a 
river  as  to  constitute  a  nuisance  and  cause  pollution  were  it 
left  unconsumed. 

.  •ParneU,  1888,  remarked  there  is  no  doubt  thot  the  true  abode  of  the  salmon  Is  in  the 
flea,  for  as  soon  as  it  has  entered  the  rivers  it  begins  to  deteriorate  in  condition,  the 
flcales  lose  their  brilliant  silvery  lustre,  and  the  flesh  becomes  soft  and  pale. 
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'^  Salmon  on  entering  rivers,  as  a  general  rule,  deteriorate  in 
quality,  similarly  to  what  has  been  shown  takes  place  in  sea 
fishes  prevented  migrating  to  the  ocean,  unless  under  peculiarly 
favorable  conditions ;  therefore  it  becomes  a  question  of  what  is 
the  effect  on  salmon  debarred  from  going  to  the  sea. 

^*  During  the  summer  months  the  salmon  roams  along  our 
coasts  in  search  of  food,  and  may  be  found  close  in  shore  many 
miles  from  where  any  fresh  water  enters  the  sea,  loitering  in  es- 
tuaries and  also  at  the  mouths  of  rivers  up  which  it  purposes 
ascending. 

"  The  fish  culturist  is  aware  that  their  eggs  will  not  hatch  if 
deposited  in  salt  water. 

"  Salmon  are  anadromous,  entering  our  rivers  chiefly  for  the 
purpose  of  perpetuating  their  race.  During  their  youth  they 
live  and  feed  in  fresh  water ;  as  they  grow  older  they  descend  as 
smolts  to  the  sea,  from  whence  after  a  time  they  return  as  grilse 
and  salmon  to  the  rivers ;  thus  the  waters  they  select  for  their 
residence  differ  from  each  other  in  specific  gravity,  taste,  tem- 
perature and  products. 

^^  Most  of  the  male  salmon  pars  kept  at  Howietoun  had  milt 
in  November,  1883,  when  2  years  and  8  months  old.  At  the  age 
of  3  years  and  8  months  all  of  these  fish  seemed  ready  to  breed, 
and  young  were  bred  from  their  spawn.  Consequently,  de- 
scending to  the  sea  prior  to  depositing  ova  is  not  a  physiologi- 
cal necessity  for  young  salmon." 

Upon  the  breeding  habits  of  the  Atlantic  salmon  Dr.  GUnther 
makes  the  following  statement  in  his  Introduction  to  the  study 
of  Fishes : 

"  The  salmon  offers  a  most  remarkable  instance  of  irregularity 
as  regards  the  age  at  which  the  individuals  arrive  at  maturity. 
Shaw  has  demonstrated  in  the  most  conclusive  manner  that 
those  small  salmonids,  which  are  generally  called  parr,  are  the 
offspring  of  the  salmon,  and  that  many  males,  from  7  to  8  inches 
long,  have  their  sexual  organs  fully  developed,  and  that  their 
milt  has  all  the  impregnating  properties  of  the  seminal  fluid  of 
a  much  older  and  larger  fish.  No  parr  has  ever  been  found 
with  mature  ova.-' 

Speaking  of  the  same  species,  Mr.  Frank  Buckland  stated  be- 
fore a  Parliamentary  Committee  in  1877  that  a  salmon  does  not 
breed  every  year,  but  once  every  three  years.  Mr.  Chas.  O. 
Atkins  has  published  observations  on  the  Atlantic  salmon  in 
Penobscot  River,  showing  it  to  be  a  biennial  spawner. 

The  marine  life  of  the  Alaskan  salmon  is  practically  unknown, 
and  even  the  age  at  which  they  become  sexually  mature  and  re- 
turn to  the  rivers  to  spawn  is  uncertain.     Some  ichthyologists 
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have  held  to  the  theory  that  the  salmon  mature  in  three  or  four 
years  from  the  time  they  first  leave  the  rivers,  assuming  that 
they  go  to  sea  when  one  year  old.  This  theory  is  apparently  in 
conflict  with  the  fact  that  individuals  of  the  same  species  differ- 
ing greatly  in  size  enter  the  rivers  simultaneously. 

As  a  guide  to  the  age  at  which  the  quinnat  salmon  becomes 
sexuallj'  mature  we  have  the  important  experiments  of  Dr. 
Jousset  de  Bellesme  in  the  Trocaddro  Aquarium,  Paris,  and  in 
ponds  elsewhere  in  France.  He  states  that  many  individuals 
are  mature  when  three  years  old,  and  that  they  reproduce  as 
well  in  fresh  water  without  going  to  sea  as  they  do  under  the 
usual  conditions  in  their  native  waters.  At  the  age  mentioned 
they  weigh  from  thirteen  to  fifteen  pounds. 

From  recent  observations  at  the  Karluk  River,  Kadiak  Island, 
Alaska,  it  appears  that  young  red  salmon  frequently  return  from 
sea  with  the  adults,  and  sometimes  ascend  the  river  at  least  a 
short  distance.  Mr.  Barling,  who  manages  a  fishery  at  Karluk, 
called  my  attention  to  the  return  of  young  salmon  with  the 
adults  in  the  following  letter  concerning  the  specimens  ex- 
hibited : 

San  Francisco,  Cal.,  Jan.  9th,  1896. 
Dr.   Tarleton  H.  Bean,  N.  Y.  Aquarium,  Castle  Garden, 
New  York,  N.  Y. 

Dear  Doctor :  In  the  matter  of  the  young  salmon  sent  to  you 
by  Mr.  Brommage ;  they  were  taken  out  of  our  nets  in  the  early 
spring  of  last  season  (1895).  For  many  seasons  past  I  have 
noticed  the  small  fry  in  surprising  numbers  standing  inshore 
with  the  adults,  and  while  I  was  satified  that  they  were  small 
salmon,  I  could  not  so  positively  state  ere  this,  on  account  of 
not  being  able  to  catch  them  before  they  escaped  through  the 
larger  meshes.  I  was  enabled  to  furnish  you  the  few  which  I 
sent  by  backing  up  the  nets  with  the  small-mesh  seine ;  at  the 
time  we  caught  over  1,000  small  salmon  and  only  900  adults. 

Some  of  my  friends  on  the  (Karluk)  river  always  maintained 
that  these  small  fish  were  trout,  and  even  now  some  are  hardly 
satisfied.  I  will  state,  however,  that  these  small  fry  salmon  are 
not  to  be  seen  in  numerous  quantities  after  August  lOth. 

I  have  always  maintained  ever  since  I  have  been  in  Karluk 
that  the  fish  we  catch  are  not  all  Karluk  bred  fish,  being 
merely  attracted  inshore  by  the  fresh  waters  from  the  Karluk 
river.  This  year  (1895)  was  not  as  much  so  as  in  many  years 
past,  but  that  was  caused  by  the  extreme  lengths  of  the  nets 
driving  the  salmon  outside  the  range  of  the  inner  buoys. 
Yours  very  truly, 
(Signed)  H.  J.  Barling. 
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In  1889  the  writer  saw  a  few  yoang  male  salmon  at  Karluk  in 
company  with  schools  of  adult  fish  seeking  to  enter  the  river. 
This  probably  occurs  annually,  but  the  return  of  red  salmon 
measuring  only  six  inches  in  length  in  such  numbers  and  with 
such  regularity  as  noted  by  Mr.  Barling  is  a  circumstance  of 
very  great  interest.  There  may  be  some  doubt  whether  these 
young  fish  have  really  entered  upon  their  sea  life,  but  the  ob- 
server states  positively  that  they  were  ^^  standing  inshore  with 
the  adults,"  and  his  testimony  is  entitled  to  credit. 

This  species,  the  red  or  blue  back  salmon,  is  one  in  which  the 
migratory  habit  is  strongly  developed ;  it  ascends  rivers  to  a 
distance  above  one  thousand  miles  from  the  ocean,  to  spawn 
around  the  shores  of  deep,  cold  lakes  and  in  their  tributaries, 
prefernng  waters  whose  highest  temperature  rarely  exceeds  55 
degrees  Fahrenheit.  We  know  something  about  the  spawning 
habits  of  this  salmon  and  others  of  the  same  genus,  but  its 
marine  life  is  a  sealed  book,  and  even  its  going  and  coming  are 
about  as  little  known  as  its  geological  age.  The  necessity  of 
systematic  and  continuous  observations  upon  this  highly  impor- 
tant economic  family  of  fishes  is  obvious. 

New  Yobk  Aquabium, 
Batteby  Pabk,  New  Tobk,  April  13,  1896. 


Stated  Meeting. 
May  J  8th,  1896. 


The  Academy  met,  with  President  Stevenson  in  the  chair. 
About  twenty-five  persons  present.  The  minutes  of  the  last 
meeting  were  read  and  approved. 

The  Section  of  Geology  and  Mineralogy  was  at  once  organ- 
ized. 

The  first  paper  of  the  evening  was  by  Mr.  Heinrich  Ries,  en- 
titled "  N^otes  of  a  Trip  Through  the  Marble  Quarries  of  West- 
ern New  England  and  Eastern  New  York."  Mr.  Ries  sketched 
out  the  geology  and  geographic  distribution  of  the  limestone  quar- 
ries examined  along  the  Hudson  River  and  Lake  Champlain  on 
the  northward  trip,  and  the  marble  quarries  in  the  Green  Moun- 
tains and  Berkshire  Hills  on  his  return  south.     His  remarks 


Digitized  by  VjOOQIC 


1896.]  NEW  YORK  ACADEMY   OP  SCIENCES.  189 

were  copiously  illustrated  by  the  lantern  and  by  many  beautiful 
specimens.  The  paper  was  discussed  by  Messrs.  Martin,  Dodge 
and  Kemp,  to  whose  remarks  the  speaker  replicid. 

The  second  paper  of  the  evening  was  by  J.  P.  Kemp,  on  "  The 
Great  Quartz  Vein  at  Lantern  Hill,  Mystic,  Conn.,  and  its  De- 
composition." The  speaker  described  the  vein  as  being  about 
400  feet  in  width  and  at  least  1,200  feet  in  length.  Its  northern 
extremity  forms  the  summit  of  Lantern  Hill,  about  500  feet 
above  sea  level.  This  portion  is  of  hard  milky  white  quartz. 
The  southern  extension  of  the  vein  forms  Long  Hill.  It  is 
lower  in  altitude  and  largely  composed  of  less  pulverulent 
quartz,  which,  however,  perfectly  preserves  the  comby  structure 
of  the  quartz  vein.  It  consists  of  innumerable  interlocking 
masses  of  quartz  crystals.  It  is  but  slightly  iron-stained  in  a 
few  spots.  It  is  so  soft  that  it  can  be  crumbled  between  the 
fingers,  and  is  easily  dug  with  pick  and  shovel  without  any  blast- 
ing. The  vein  strikes  north  about  15  degrees  east  and  cuts 
squarely  across  the  laminations  of  the  gneiss.  It  is  one  of  the 
largest  quartz  veins  known  in  the  East  and  is  of  very  pure 
silica.  Samples  from  the  crumbly  portion  range  from  98  to  99.4 
per  cent,  of  SiO  2 .  A  few  rare  scales  of  some  micaceous  or  chloritic 
mineral  are  practically  the  only  other  materials  present.  Under 
the  microscope  the  powdered  quartz  appears  quite  fresh,  and 
exercises  a  vigorous  influence  on  polarized  light.  Some  prism 
faces  of  quartz  crystals  show  etched  figures,  but  in  general  the 
evidence  of  corroding  alkaline  solutions  is  hard  to  find.  The 
speaker  was  therefore  led  to  refer  the  pulverulent  character  of 
the  vein  to  the  efiects  of  a  faulting  or  crushing  movement,  al- 
though on  the  spot  he  inferred  the  action  of  some  corroding 
alkaline  solution,  presumably  magnesian.  The  paper  was  dis. 
cussed  by  Messrs.  Dodge  and  Hovey. 

The  third  paper  of  the  evening  was  by  J.  F.  Kemp,  and  was 
entitled :  "  The  Pre-Cambrian  Topography  of  the  Adirondacks." 
The  speaker  mentioned  the  curious  outliers  of  Cambrian  and 
Ordovician  strata  that  had  been  discovered  far  up  in  the  moun- 
tains at  long  distances  fVom  the  main  outcrops  that  skirt  the 
mountains   at  lower  levels.     The  strata  lie  in  valleys  in  the 
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metamorphosed  crystalline  rocks,  which  valleys  represent  beyond 
question  the  old  Pre-Cambrian  river  valleys  which  were  filled 
with  sediment  by  the  encroaching  sea  of  Potsdam  and  Ordovician 
times.  Lake  George  is  the  largest  example  of  this  kind,  and- 
contains  remnants  of  Potsdam  sandstone  and  Trenton  limestone 
in  the  southern  portion.  The  valley  of  Trout  Brook,  which  lies 
just  west  of  Rogers'  Rock,  at  the  north  end  of  Lake  George  and 
is  separated  from  it  by  a  high  intervening  ridge  of  gneiss,  con- 
tains two  outliers  of  Potsdam  sandstone  of  a  few  acres  in  ex- 
tent. In  the  valley  of  Putnam's  Pond,  in  the  western  part  of 
Ticonderoga  township,  there  is  another  outlier  of  Potsdam 
sandstone.  Both  these  latter  are  shown  on  the  map  of  Ticon- 
deroga which  accompanies  the  speaker's  report  on  this  region  to 
Prof.  James  Hall,  which  report  was  published  in  1895.  Another 
isolated  area  of  Calciferous  limestone  is  found  on  Schroon  Lake, 
under  Schroon  Lake  Post  Office.  It  is  a  few  acres  in  extent 
and  the  exposed  rock  is  about  75  feet  thick.  It  is  about 
850  feet  above  tide  at  its  upper  point.  Down  the  lake  and 
river  valley  it  is  nearly  forty  miles  to  the  next  Cambrian  out- 
crop, which  is  below  Hadley.  The  speaker  also  cited  the  little 
outlier  on  the  Newton  Mountain,  near  Wells,  on  the  Sacondag-a 
River,  and  the  fact  that  the  Cambrian  and  Ordovician  sediments 
on  the  west  side  reach  short  distances  into  the  areas  of  crystal- 
line rocks  and  along  the  river  valleys.  He  stated  that  all  the 
outliers  on  the  east  had  a  uniform  northeasterly  strike  and  a  dip 
10  to  20  degrees  to  the  northwest.  He  remarked  that  they  occur 
in  the  valleys  of  streams  which  are  now  notably  sluggish,  and 
explained  this  slow  movement  by  suggesting  that  these  streams 
flow  in  Pre-Cambrian  valleys,  which  were  in  that  time  reduced 
.  nearly  to  a  base  level.  He  i*eferred  this  parallel  strike  and  dip 
to  the  later  faulting  and  tilting  of  the  strata  in  this  region.  Re- 
marking upon  the  undoubted  presence  of  faults  in  the  development 
of  the  topography  he  emphasized  the  evidence  that  this  early 
erosion  acted  long  before  the  time  of  fossiliferous  sediments. 
He  added  that  the  old  river  valleys  had  been  in  part  determined 
by  the  presence  of  crystalline  limestones.  The  paper  was  dis- 
cussed by  Messrs.  Dodge  and  Hovey. 
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The  last  paper  of  the  evening  by  Messrs.  L.  M.  Luquer  and 
H.  Bies  described  an  area  of  Augen-gneiss  near  Bedford,  N.  Y. 
It  was  read  by  Mr.  Luquer  and  will  appear  in  full  in  the  Trans- 
actions. The  gneiss  appears  to  have  been  originally  a  granitic 
rock  that  has  been  extensively  crushed  and  sheared  out  into 
the  ^'augen"  structure.  The  original  quartz  has  been  mostly  com- 
minuted, but  the  Carlsbad  twins  of  orthoclase  have  remained 
as  ^^  augen.  "    The  paper  will  appear  in  the  American  Geologist. 

The  paper  was  discussed  by  Dr.  E.  O.  Hovey,  who  cited  the 
case  of  the  sheared  Eisenach  quartz-porphyry,  in  which  the  feld- 
spars have  been  crushed,  but  the  quartzes  have  been  drawn  out. 

Mr.  G.  F.  Kunz  mentioned  the  following  items  as  the  meeting 
closed. 

A  meteoric  stone  weighing  31  ounces  was  seen  to  fall  by  Mr. 
J.  F.  Black,  April  9th,  1896,  at  6:15  P.  M.,  on  his  farm  nine 
miles  east  and  one  mile  north  of  Ottawa,  Kansas.  This  meteor- 
ite contains  iron  particles  throughout  and  is  of  the  characteristic 
stony  variety. 

A  remarkable  nugget  of  native  silver,  weighing  448  ounces 
troy,  was  lately  found  five  miles  from  Globe  City,  Pinal  count}', 
Arizona.  The  mass  is  a  water-worn  nugget,  slightly  oval,  very 
compact,  and  on  its  surface  is  bright  silver-white,  showing  that 
it  is  made  up  of  strings  of  crystallized  silver,  whereas  the  inte- 
rior of  the  mass  contains  more  or  less  cerargyrite.  It  has  been 
presented  to  the  Lea  collection  of  American  minerals  of  the 
United  States  National  Museum. 

New  Zealand  promises,  mineralogically,  to  be  a  country  of 
surprises,  as  many  interesting  things  are  gradually  being  brought 
to  light  by  the  agate  hunters  from  Oberstein,  Germany,  who  are 
visiting  it.  Recently  they  have  discovered  some  immense  masses 
of  rolled,  rutilated  quartz,  weighing  from  ten  to  thirty  pounds 
each.  The  masses  are  penetrated  by  crystals  of  rutile,  red, 
brown  and  yellow,  many  inches  in  length  and  of  the  fineness  of 
hair.  Occasionally  the  rutiles  occur  very  sparingly ;  then  again 
they  are  in  such  profusion  as  to  give  the  entire  mass  the  appear- 
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ance  of  being  a  matted  mass  of  hair.  One  mass  of  thirty  pounds 
was  entirely  of  this  character.  A  fifteen-pound  mass  contained 
a  dozen  or  more  cr3'8tal8  of  rutile  forty-five  cm.  in  length  and 
from  one-half  to  two  mm.  in  diameter.  Magnificent  crystals  of 
amethyst  have  also  been  found,  one  of  which  is  entirely  of  gem- 
cutting  material  and  weighs  550  pennyweights  or  27^  ounces 
troy.     Topaz,  blue  and  white,  is  found  in  the  same  localities. 

J.  F.  Kemp, 
Secretary. 


FAUNAS  OF  THE  PARADOXIDES  BEDS  IN  EASTERN 
NORTH  AMERICA,  NO.  1. 

By  G.  F.  Matthew. 
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The  following  article  is  a  contribution  to  a  revision  of  the 
faunas  of  the  Paradoxides  beds  as  they  are  developed  in 
eastern  North  America.  The  region  where  these  beds  are 
found  is  spread  along  the  Atlantic  sea-board  from  New  Found- 
land  to  eastern  Massachusetts,  and  it  is  not  known  that  the 
genus  Paradoxides  existed  west  of  the  Braintree  basin  in  that 
State. 

In  this  article  only  the  smaller  crustaceans,  including  two 
genera  of  trilobites,  are  treated  off.  But  these  small  fossils  are 
as  valuable  for  the  correlation  of  horizons  as  the  larger  species, 
for  they  were  as  sensitive  to  a  change  of  conditions  as  those, 
and  tell  the  story  of  the  sub  zone  which  they  mark  with 
as  great  certainty  as  Paradoxides  itself.  In  fact,  they  are  even 
of  higher  value  for  this  purpose,  as  a  small  piece  of  shale  will 
contain  a  fully  characterized  example. 

In  the  author^s  former  paper  *  an  outline  was  given  of  the 
Cambrian  system  in  eastern  North  America  and  its  faunas,  so 
that  it  seems  unnecessary  here  to  do  more  than  call  attention  to 
the  sub-divisions  of  the  Paradoxides  sub-faunas  as  they  are 
developed  in  this  region.    We  know  of  the  occurrence  here  of 

•  The  Protolenaa  Fauna.    New  York  Acad.  Scl.,  Vol.  XIV.,  p.  101. 
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four  of  the  six  sub-faunas  into  whiph  the  Paradoxides  fauna  is 
divided  viz : 

The  Sub-zone  of  P.  lamellaiua  Hartt  (of.  P.  Oelandicus). 
"  "         "    P.  EteminicuB  (of.  P.  ruguloaus). 

"  "         "   P.  Abenacua  (cf.  P.  Tessini). 

"  "         "   RDavidia. 

The  first  of  these  sub-zones  is  the  oldest  Parado^iLides  fauna  of 
which  we  have  any  knowledge,  and  so  far  has  been  recongnized 
in  two  countries  only,  viz.,  Sweden  in  Europe,  and  New  Bruns- 
wick in  eastern  Canada.  It  is  characterized  by  Hartt 's  species, 
P.  lamellatuSfesiaily  recognized  by  the  interrupted,  raised  plates 
on  the  front  of  the  glabella ;  the  varieties  of  Conocoryphe  and 
Ctenocephalus  which  occur  here  have  more  hispid  tests  than 
those  of  the  next  sub-zone.  This  sub-zone  is  the  home  of  Mi- 
crodiscus  Dawsoni  and  Liostracus  tener*  and  occurs  in  Sweden. 

The  next  sub-zone,  that  of  P.  Eteminicus,  has  a  wide  range  on 
both  sides  of  the  Atlantic,  but  seems  to  be  most  fully  represented 
in  the  southern  regions  of  the  area  over  which  the  genus  Para- 
doxides was  spread.  It  is  the  most  prolific  band  of  the  Para- 
doxides beds  in  New  Brunswick,  and  is  the  only  sub-zone  recog- 
nized in  Massachusetts,  France  and  Spain ;  the  species  cited  by 
Walcott  indicate  its  presence  in  Newfoundland  ;  it  occurs  in 
Wales  as  the  Solva  group  (or  in  that  group);  it  is  present  in 
Bohemia,  and  is  sparingly  represented  in  Sweden  in  the  ^^  Ex- 
sulens  Ealk." 

The  third  sub-zone,  that  of  P.  Abenacua  (a  species  closely 
allied  to  P.  Tessini  of  Sweden  and  P.  Bohemicus  of  Bohemia), 
is  represented  in  New  Brunswick  by  a  well-marked  fauna,  in 
which  Ptychopariae  and  SolenopleuraB  abound.  Microdiscua 
pulchelluB  is  a  characteristic  species  of  this  sub-zone,  and  it  is  a 
stronghold  of  the  genus  Agnostus.  This  sub-zone  is  doubtfully 
present  in  Newfoundland ,t  but  it  is  in  full  force  in  Norway, 
Sweden  and  Bohemia. 

The  highest  sub-zone  so  far  recognized  in  America  is  that  of 
P.  DamdiSy  which  has  a  full  representation  at  several  localities 
in  Newfoundland.  It  is  characterized  by  the  genus  Anopolinus, 
by  the  species  Microdiacus  punctatua  and  by  large  Agnosti,  in- 
cluding examples  of  the  Section  Lsevigati.    This  sub-zone  is 

^Walcott  catalogues  this  species  from  Newfoundland  as  occuiring  in  his  zone  A  at 
Manuel  Brook,  but  the  species  quoted  by  him  as  associated  with  it  there,  are  of  the  next 
sub-zone. 

fl  have  spoken  of  this  horizon  being  present  there  (Trans.  Roy.  Soc.  Can.,  Vol.  IV., 
p.  150)  at  Chapel  Arm,  but  the  presence  of  Anopolinus  seems  rather  to  indicate  the 
next  sub-zone.  In  Mr.  Walcott's  Zone  B.  of  the  Manual  Brook  Section  there  is  a  mix- 
ture of  the  species  of  the  second  and  fourth  sub-zone,  but  the  presence  of  species  of 
the  intermediate  zone  does  not  distinctly  appear. 

TBAifSAcriONS  N.  Y.  Acad.  Sci.,  Vol.  XV.,  Slg.  13,  August  4, 1896. 
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well  marked  in  Wales,  where  the  species  P.  Davidis  was  discov- 
ered, and  it  is  fully  represented  in  Sweden. 

The  other  two  sub-zones  of  the  Paradoxides  beds  are  not  known 
to  be  represented  in  America,  and  so  far  as  the  author  knows, 
have  not  been  recognized  outside  of  Scandinavia.  That  of  P.  For- 
chammeri  is  contained  in  the  Andrarum  limestone,  a  very  rich 
repository  of  Cambrian  forms,  where  the  Paradoxides  fauna 
may  be  said  to  have  culminated.  The  higher  of  these  two  sub- 
zones  contains  only  the  dying  remnants  of  this  fauna  and  is 
known  as  the  Zone  of  Agnostua  leevigatua.  Rare  remains  of  a 
Paradoxides  related  to  F.  Tessini  have  been  found  in  it.  I.  D. 
Wallerius  has  lately  described  a  number  of  new  genera,  species 
and  varieties  from  this  sub-zone  in  Sweden. 

The  following  is  in  brief  the  range  of  the  American  subfau- 
nas  of  Paradoxides  so  far  as  known  : 

Sub-zone  of  P.  lamellatus — New  Brunswick  only. 

Sub-zone  of  P.  Eteminicus — New  Brunswick,  Newfoundland 
and  Massachusetts. 

Sub-zone  of  P.  Abenacus — New  Brunswick  and  Newfound- 
land (doubtfully  in  the  latter  province). 

Sub-zone  of  P.  Davidis — Newfoundland  only. 

Descriptions  of  genera  and  species. 
Phyllopoda  ? 

As  compared  with  the  Phyllopod  crustacean  of  the  Olenus 
and  higher  zones  the  fossils  described  below  are  very  small. 
Their  minuteness  is  an  obstacle  to  the  study  of  their  characters, 
for  there  has  been  sufficient  noolecular  movement  in  the  shales  in 
which  they  are  imbedded  to  obscure  the  surface  markings  of 
such  delicate  fossils  as  these.  They  are  supposed  to  be  crusta- 
cean on  account  of  the  long,  straight  hinge  line  and  weak  um- 
bones  and  their  defined  bordering  rim. 

Lbpiditta.* 

Obliquely  semi-circular  or  semi-elliptical  bivalves,  wide  on  the 
anterior  half  of  the  valve  and  having  a  long,  straight  hinge  line ; 
umbones  in.  front  of  the  mid-length  of  the  hinge,  low  or  but 
moderatel}'  elevated. 

Lepiditta  alata  (Plate  XV.,  figs,  la  and  16). 

LepidiUa  aZa^a,  Trans.  Roy.  Soc.  Can.,  Vol.  III.,  pt.  iv.,  p.  61, 
pi.  vi.,  figs.  16,  16a. 

•  Trans.  Roy.  Soc.  Can.,  Vol.  III.,  pt,  Iv.,  p.  61. 
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Valves  obliquely  semi-elliptical,  about  one-lbhird  longer  than 
wide ;  hinge  line  straight,  umbo  less  than  one-third  from  the 
front  of  the  valve.  Tumid  part  of  the  valve  occupying  about 
one-third  of  its  length  and  about  one-half  of  its  width ;  valve 
flattened  toward  the  anterior  and  posterior  ends.  A  faint  nar- 
row rim  is  traceable  around  the  outer  edge  of  the  valves. 

The  cast  of  the  right  valve  has  a  triangular  ilmbonal  promi- 
nence, about  one-third  from  the  front ;  the  prominence  is  lim- 
ited in  front  by  a  sharp  and  deep  furrow,  placed  at  right  angles 
to  the  hinge  line,  and  extending  thence  toward  the  base  of  the 
valve ;  the  umbonal  elevation  is  somewhat  hollow  in  the  middle, 
where  it  bears  a  sharp,  narrow  ridge,  which  is  directed  toward 
the  posterior  margin,  at  an  angle  of  50^  ft*om  the  hinge  line;  a 
faint  ftirrow  connects  this  ridge  with  the  point  of  the  umbo. 

The  outer  surface  of  the  valves  of  this  species  is  marked  by 
numerous  concentric  striae,  and  by  two  faint  radiating  furrows, 
extending  on  each  side  of  the  tumid  part  of  the  valve  to  the 
basal  margin. 

The  sharp  median  ridge  and  connected  furrow,  seen  in  the 
cast  of  the  right  valve  of  this  species,  are  similar  to  those  on  the 
dorsal  valves  of  some  Brachiopods.  but  the  position  of  the  umbo 
separates  it  from  that  class  of  molluscs. 

Length,  1  mm.     Width,  |  mm. 

Horizon  and  Locality.  In  the  fine,  gray  shales  of  Div.  l^  c, 
at  Hanford  Brook,  St'  Martinis.    Infrequent. 

Lepiditta  curta  (Plate  XV.,  fig.  2). 

Lepiditta  curla^  Trans.  Roy.  Soc.  Can.,  Vol.  III.,  pt.  iv.,  p. 
61,  pi.  vi.,fig.  17. 

Obliquely  semi-elliptical  and  about  two-sevenths  longer,  than 
wide  ;  hinge  line  nearly  straight ;  umbo  depressed,  less  than  one 
quarter  from  the  front  of  the  valve.  Valves  flattened  toward 
the  base  and  posterior  end,  the  anterior  margin  has  a  flattened, 
depressed  rim ;  and  the  front  of  the  rim  in  the  two  valves  was 
apparently  connected  by  a  triangular  piece  not  bounded  by  dis- 
tinct sutures. 

The  interior  of  shell  has  roughened  zones  or  undulations  con- 
centric to  the  umbo. 

This  organism  is  not  unlike  the  crustaceans  of  the  genus 
JEstheria^  but  its  resemblance  to  the  preceding  species,  in  form 
and  hinge  characters,  indicates  a  generic  relation. 

Length,  1^  mm.     Width,  1^  mm. 

Horizon  and  Locality.  In  the  fine  dark  shales  of  Div.  l.d^, 
at  Porter's  Brook,  St.  Martin's.    Rare. 
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Lia»iDiTTA  AURicuLATA  (Plate  XV.,  figs.  3a  and  86). 

Lepiditta  auriculata^  Trans.  Roy.  Soc.  Can.,  vol.  xi.,  pt.  iv., 
p.  99,  figs.  2  a  and  h. 

Only  a  mould  of  the  left  valve  is  known.  This  is  purse-shaped 
and  has  a  short  ear  at  each  end  of  the  hinge  line.  There  is  no 
marginal  rim.  Two  grooves  in  the  mould  at  the  hinge  line  show 
that  the  hinge  had  two  oblique  plates  towards  the  posterior 
end. 

The  surface  of  the  mould  is  highest  a  short  distance  below  the 
hinge,  whence  it  descends  gradually  to  the  posterior  margin, 
where  the  valve  is  nearly  flat.  This  mould  also  shows  faint, 
parallel  ridges,  concentric  to  what  is  supposed  to  be  the  anterior 
end.  Faint  lines  mark  off  three  quadrate  spaces,  near  the  hinge^ 
parallel  to  the  long  plate,  and  corresponding  in  position  to  the 
upper  seal-like  marks  of  L,  aigillata  of  the  Protolenus  Zone 
.  (Div.  1  b.  S). 

Size. — Length,  4  mm.;  width,  3^  mm.;  height  of  one  valve^ 
about  ^  mm. 

Horizon  and  Locality. — In  the  fine  olive  gray  shale  of  Div.  1  c 
at  Hanford  Brook,  S.  Martin's. 

This  species  is  something  like  that  which  Mr.  C.  D.  Walcott 
refers  to  Nothozoe  Vermontiana^  but  has  a  longer  hinge  line  and 
is  more  triangular  in  form;  it  is  also  much  flatter  than  that 
species.  Its  long  hinge  line  and  hinge  plates  show  it  to  be  of 
the  genus  Lepiditta. 

OSTRACODA. 

After  the  abundance  of  individuals  and  the  variety  of  form 
in  the  Ostracoda  of  the  Protolenus  Fauna,  the  few  found  in 
the  Paradoxides  bed  is  somewhat  of  a  surprise.  Perhaps  the 
Agnosti  so  common  in  the  fine  shales  of  bands  c  and  d  usurped 
the  place  of  the  Ostracoda. 

Primitia,  Jones. 

This  genus  is  represented  by  more  than  one  species  in  the 
rocks  of  the  St.  John  group,  and  the  author  proposes  to 
describe  here  a  very  tumid  form,  of  which  a  few  individuals 
have  been  found. 

Primitia  Acadica  (Plate  XY.,  figs.  6a-c). 

Primitia  Acadica,  Trans.  Roy.  Soc.  Can.,  vol.  iii.,  pt.  iv.,  p. 
pi.  vi.,  figs.  22, 22  a  and  b. 

Outline  of  the  valves  elliptical-oblong,  with  but  very  slight 
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projection  at  the  extremities  of  the  hinge  line.  The  valves 
slope  down  in  all  directions  to  the  margin,  and  the  form  is  so 
sj^mmetrical  that  it  is  difficult  to  ascertain  which  is  the  upper 
and  which  the  lower  side  of  the  valve ;  but  the  side  on  which  an 
obscure  marginal  fold  is  found,  is  supposed  to  be  the  lower  side. 
It  is  also  difficult  to  say  which  is  the  anterior  and  which  the 
posterior  end  of  the  valve ;  one  end  has  a  low  tubercle  and  a 
shallow  pit,  while  the  other  end  is  plain ;  this  distinction  may  be 
used  for  the  purpose  of  locating  the  characters  of  the  inner  sur- 
face of  the  test,  as  seen  on  the  mould  of  the  valve. 

The  center  of  the  valve  is  marked  by  a  distinct  circular 
depression,  apparently  a  perforation  of  the  test :  from  this  point 
a  faint  medium  furrow  extends  toward  the  tuberculated  end, 
where  it  fades  out  in  the  shallow  pit  existing  at  that  end  of  the 
valve;  this  pit  is  larger  than  the  circular  depression  at  the 
center  of  the  valve,  but  differs  from  it  in  having  no  defined 
margin ;  beside  this  larger  pit,  but  nearer  to  the  margin  of  the 
valve,  is  the  tubercle  above  referred  to;  it  is  low,  somewhat 
pinched  up  at  the  sides,  and  elongated  in  the  direction  of  the 
larger  axis  of  the  valve.  The  slope  of  the  sides  of  the  valve 
near  the  margin  is  nearly  vertical,  and  the  marginal  fold  is  very 
feeble  and  obscure. 

The  surface  of  the  valve  is  granulated,  but  the  granulations 
are  more  distinct  on  the  inner  than  the  outer  surface ;  the  inner 
surface  is  more  brilliant  than  the  outer. 

This  Primitia  resembles  in  form  and  size  the  Silurian  P.  tran- 
siens,  Bar.;  its  apparently  perforated  disc  recalls  another  Bohe- 
mian species,  P.  perforata,  Bar.;  in  this  species  the  perforation 
and  tubercle  are  situated  near  the  hinge  line,  but  in  ours  near 
the  axiSk 

Length,  3^  mm.;  width,  2  mm. 

Horizon  and  Locality. — In  the  conglomerate-limestone  band, 
Div.  Lc^,  at  Porter's  Brook,  St.  Martin's. 

In  his  article  on  the  Olenellus  Fauna,  of  Washington  county. 
New  York,*  Mr.  C.  D.  Walcott  has  described  a  peculiar  En- 
tomostracan  with  a  flexible  test  under  the  name  of  Leperditia 
(/.)  dermatoides  with  the  remark,  "  It  may  be  that  this  species 
should  be  referred  to  a  new  genus."  This  fossil  resembles  one 
which  the  author  has  had  in  his  hands  for  some  time,  unde- 
scribed.  The  peculiar  wrinkling  of  the  test  (under  pressure  ? ) 
separates  these  fossils  from  all  other  Cambrian  Ostracoda,  and 
they  are  here  placed  in  a  new  genus. 

*Fauna  of  the  "  Upper  Taconic"  of  Emmons,  in  Washington  county,  N.  Y.,  by  C. 
D.  Walcott.    Am.  Jour.  Sci.,  vol.  xxxiv.,  Sept.,  1887. 
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Aluta,  n.  gen.* 

Small  bivalves  similar  in  form  to  Aparehites  (oval  or  ovate), 
but  having  a  soft,  flexible  test,  and  a  fine  somewhat  distinct 
punctation  of  the  surface.  There  is  no  marginal  fold  or  a  very 
narrow  one. 

Aluta  Plexilis,  n.  sp.    (Plate  XV.,  fig.  4.) 

Oval  about  one-half  longer  than  wide,  and  having  a  very  nar- 
row rim.  At  the  anterior  upper  corner  is  a  tubercle  (ocular  ?) 
enclosed  by  a  shallow  furrow.  Towards  the  back  on  the  upi»er 
part  of  the  valve  (in  the  only  example  known)  is  a  broad,  shal- 
low, circular  pit ;  irregular  undulations  impress  the  surface  of 
the  valve  elsewhere. 

Sculpture. — Minute,  rather  distinct  punctures. 

Size. — Length,  3^  mm.;  width,  2^  mm. 

Horizon  and  Locality. — A  calcareous  band  in  Div.  1.  c^  at 
Porters  Brook,  St.  Martin's,  N.  B.  Scarce. 

This  species  in  the  position  of  the  ocular  (?)  tubercle  resem- 
bles Primitia  oculata  of  the  Protolenus  Fauna,  but  the  form  of 
the  shield  is  different.  The  species  is  also  near  Walcott's 
Leperditia  dermatoides^  which,  although  figured  as  ovate  (if  one 
may  judge  by  the  description),  include  oval  forms  as  well;  that 
the  author  makes  no  reference  to  an  ocular  tubercle,  so  we  find 
it  necessary  to  made  a  specific  description. 

The  flexible  wrinkled  test  causes  this  fossil  to  be  overlooked 
as  the  embryo  of  some  trilobite,  but  there  is  no  trace  of  an  axial 
ridge. 

CiRRIPEDIA. 

While  skeletons  of  creatures  referred  to  this  group  of  crus- 
taceans have  been  found  in  considerable  numbers  in  the  Ceno- 
zoic  and  Mesozoic  rocks  they  are  in  lessened  numbers  in  the 
earlier  deposits ;  and  they  are  more  difiScult  to  recognize  on  ac- 
count of  their  wide  departure  in  the  detail,  of  structure  from 
existing  types.  Nevertheless  we  now  find  Cirripedes  recognized 
as  members  of  all  the  great  faunas  from  the  Ordovician  onward, 
but  the  writer  is  not  aware  that  any  remains  referable  to  these 
creatures  have  been  reported  from  faunas  antecedent  to  the 
Ordovician ;  he,  however,  believes  that  such  remains  are  present 
in  the  Cambrian  rocks  and  proposes  to  describe  herein  such  as 
appear  to  have  belonged  to  Cirripedes. 

None  of  these  occur  contiguous  to  each  other  as  to  suggest 
the  remains  of  one  individual  such  as  enabled  Dr.  Henry  Wood- 

*  Aluta  leather. 
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ward  to  describe  Turrilepas,  or  J.  M.  Clarke  Strobilepis,  or  C. 
L.  Faber  Lepidocoleus,  or  J.  Barrande  Plumulites,  but  when 
similar  objects  are  found  in  the  Cambrian  system  no  doubt  these 
genera  will  throw  light  upon  them. 

The  remains  found  in  the  Cambrian  rocks  of  eastern  North 
America  are  only  scattered  plates  of  the  exoskeleton,  and  they 
are  described  largely  with  the  object  of  inviting  attention  to  the 
plates  of  this  kind,  not  at  all  rare  in  some  layers  of  the  fine 
shales  of  the  Lower  Cambrian,  which  appear  to  be  referable  to 
Cirri  pedes.  Of  the  genera  mentioned  above  Plumulites  appear 
to  be  recognizable  in  certain  plates  found  in  the  Paradoxides 
beds  of  Newfoundland. 

Plumulites  Barrande. 

In  1846  Barrande  observed  in  the  Ordovician  rocks  of  Bohemia 
some  peculiar  plates  of  sub-triangular  form  and  strongly  ribbed 
transversely,  which  he  called  Plumulites.  Eleven  years  later  he 
found  plates  of  this  kind  grouped  together  in  such  a  way  as  to 
show  the  kind  of  animal  to  which  they  had  belonged.  In  1864 
Prof.  Reuss,  in  connection  with  a  memoir  on  the  Lepadidse  of 
the  Oligocene  of  Germany  and  chalk  of  Gallicia,  took  occasion 
to  point  out  that  the  Plumulites  of  Barrande  were  remains  of 
Cirripedes.*  In  1865  Dr.  Woodward  referred  the  valves 
from  the  Silurian  beds  of  Dudley,  Eng.,  which  de  Koninck  had 
called  Chiton  Wrightianus  to  the  Cirripedes  under  the  name  of 
Turrilepas,  Thus  by  degrees  the  proper  zoological  position  of 
these  peculiar  valves  or  plates,  usually  found  loose  and  scattered 
in  the  shales  of  the  Paleozoic  rocks,  came  to  be  recognized. 

Barrande's  description  of  Plumulites  is  somewhat  diffuse,  and 
has  been  summarized  by  Zittel  as  follows :f  Body  elongated, 
resembling  a  pine  cone,  clothed  with  4-6  (or  more)  longitudinal 
series  of  scaly  plates.  The  plates  are  covered  by  strong  trans- 
verse striae,  somewhat  in  relief,  and  have  a  triangular  form  ;  the 
median  series  are  ordinarily  distinguished  from  the  lateral  by 
their  more  convex  form,  and  by  the  presence  of  a  median  keel. 
Barrande  also  found  a  peculiar,  more  oval  valve  in  which  the 
striae  encircled  the  upper  end,  which  valve  he  called  valve  fenSs- 
trS, 

Plumulites  has  been  found  in  the  Ordovician  (where  it  was 
first  recognized)  of  Bohemia  and  Ohio,  and  similar  plates  in  the 
Silurian  of  England  and  the  Devonian  of  New  York ;  it  has  not 
hitherto  been  reported  from  the  Cambrian. 

The  presence  of  so  highly  differentiated  a  class  of  Crustaceans 

*SyBt.  Silur.  Boh^me  vol.  1.,  Sapp.  p,  666. 

t  Traits  de  Palseontolo^e.  Zittel  and  Barrois.  vol.  ii.,  p.  538. 
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almost  at  the  beginning  of  Cambrian  time  is  a  proof,  if  any  were 
wanted,  of  the  very  early  origin  of  the  Crustacean  stem;  and 
the  rarity  of  plates  that  are  found  in  the  Paradoxides  beds  are 
sufficient  to  show  that  we  are  as  yet  but  very  imperfectly  ac- 
quainted with  these  ancient  types  of  Cirripedes. 

Barrande  found  the  triangular  valves  of  Plumulites  three- 
lobed,  by  zones  diverging  from  the  apex,  each  having  its  peculiar 
sculpture.  In  describing  these  valves  we  propose  to  follow  his 
nomenclature,  the  two  slopes  being  designated  respectively  the 
convex  and  concave  sides,  and  the  third  side  (by  which  the  valve 
was  attached)  the  base. 

Plumulites  Manuelensis,  n.  sp.  (Plate  XV.  fig.  7.) 

A  triangular  plate  with  curved  sides,  one  concave,  the  others 
convex,  rather  blunt  at  the  apex,  somewhat  straight  along  the 
base.  A  band  dififerent  in  elevation  from  the  rest  of  the  surface 
of  the  plate  traverses  it  from  apex  to  base  and  is  nearest  the 
concave  side.  There  are  about  fourteen  strongly  marked  trans- 
verse ridges  traversing  the  plate,  parallel  to  the  base. 

Sculpture. — Fine  striae  (about  four  to  a  ridge)  on  the  trans- 
verse ridges. 

Size. — Length,  4  mm. ;  width,  3^  mm. 

Horizon  and  Locality. — Soft  gray  shales  of  Div.  1  d*,  at 
Manual  Brook,  Conception  Bay,  Newfoundland.     Scarce. 

This  resembles  in  shape  Barrande's  P,  compar  of  the  Ordovi- 
cian  of  Bohemia,  but  is  straighter  along  the  base  and  more 
strongly  arcuate  in  outline  above  the  base. 

It  is  with  great  hesitation  we  refer  the  following  genus  to  the 
Cirripedes  as  possibly  representing  the  terminal  plate  of  some 
such  form  as  Strobilepis,  or  anch3'losed  plates  similar  to  the 
terminal  pair  in  Lepidocoleus ;  but  it  seems  as  likelj^  a  relation 
as  any  other  that  has  been  suggested. 

Stenotheca  Salter. 

This  genus  was  proposed  by  Mr.  J.  W.  Salter  (published  by 
Dr.  Henry  Hicks,  in  1872),  to  include  a  minute  corrugated  shell, 
found  in  the  Menevian  group  in  Wales.  It  was  described  as  a 
*'  curved  shell,  a  small  wide  form,  with  lines  of  growth  strongly 
marked  on  its  surface."  The  only  species  figured  is  S.  cornu- 
copia. 

The  genus  is  represented  in  the  St.  John  Group  at  one 
locality  by  numerous  examples  from  the  horizon  Id.  in  a  fine, 
dark  shale.  The  little  cones  of  this  genus  are  always  flattened, 
inequilateral,  and  usuallj*  have  a  more  or  less  rigid  band  along 
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the  back.  Though  shorter  and  wider  these  objects  are  not 
unlike  plates  of  Plumulites,  not  only  do  they  have  the  same 
sharp,  transverse  ridges,  but  a  similar  arched  band  extends 
across  the  middle,  from  the  apex.  This  genus  when  described 
was  placed  by  its  author  among  the  Pteropods,  bub  if  I  am 
right  in  having  referred  to  it  certain  small  fossils  of  the  Para- 
doxides  beds,  there  would  seem  to  be  features  indicating  affinities 
with  the  Crustaceans,  and  especial!}' with  the  ancient  Cirripedes, 
rather  than  the  Pteropods. 

Stenotheca  had  thin  calcareo  chitinous  shells  similar  to  the 
tests  of  trilobites,  sharply  raised  ridges  parallel  to  the  lower 
border ;  the  apical  angle  was  bounded  by  two  sides,  one  of  which 
was  convex  and  the  other  concave.  The  convex  side  is  called 
dorsal,  and  the  concave  ventral,  the  third  side  is  the  aperture  or 
base. 

Stenotheca  concentrica.    (Plate  XIV.,  fig.  1.) 

Stenotheca  concentrica ^TvAns.  "Roy.  Soc,  Vol.  III.,  pt.  iv.,  p. 
69,  pi.  vi.,  fig.  11. 

Amended  description.  Outline  of  the  compressed  fossil  rudelj^ 
lenticular,  the  dorsal  and  ventral  slopes  being  together  equal  to 
the  strongly  arched  apertural  margin.  The  apex  varies  from  a 
bluntly  rounded  form  to  one  which  is  prolonged  into  a  short 
triangular  point.  For  about  one-third  from  the  apex  the  sur- 
face has  irregular  undulations,  about  seven  in  number,  concen- 
tric to  the  apex,  and  the  rest  of  the  test  on  the  ventral  slope 
about  eight  strongly  marked  ridges,  concentric  to  the  apex; 
these  ridges  are  increased  on  the  dorsal  slope  to  the  number  of 
twelve  or  thirteen  by  the  intercalation  of  additional  ridges  in 
the  dorsal  third. 

Sculpture.  The  surface  appears  to  have  minute  pores  and  is 
ornamented  with  linear  ridgelets  which  have  a  roughly  parallel 
and  sometimes  anastomosing  arrangement.  The  most  typical 
form  of  ornamentation  is  a  chevron  or  zigzag  arrangement  of 
minute  ridges,  visible  onlj'  with  a  lens,  and  most  marked  on  the 
outer  part  of  the  shell ;  these  chevron  lines  sometimes  cross  two 
of  the  concentric  ridges  before  turning  and  usually  run  angling 
across  the  ridges.  The  chevron  sculpture  varies  to  an  irregular 
wavy  arrangement  of  ridgelets,  and  that  to  a  more  or  less  linear 
grouping,  which  is  the  usual  appearance  of  the  ornamentation 
at  the  apex :  occasionally  straight  lines  on  the  primary  ridges, 
alternate  with  wavy  or  somewhat  zigzag  lines  in  the  hollows 
between.  Another  occasional  variety  of  the  sculpture  is  that 
of  irregular  wavy  ridgelets  crowned  by  little  tubercles  along  the 
summit  of  the  ridgelets;  this  gives  the  eflTect  of  a  cancellated 
surface. 
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Size. — Height  of  the  summit  of  the  dorsal  curve,  above  the 
aperture,  3  mm.  Length  of  chord  of  dorsal  curve,  3^  mm. 
Length  of  aperture,  4^  mm. 

Horizon  and  Locality. — In  the  fine,  dark  gray  shales  of  Div. 
1  d.i,  at  Porter's  Brook,  St.  Martin's.     Not  infrequent. 

This  species  may  be  compared  with  S.  Cornucopia  Salt,  of 
the  Menevian  Group,  in  Wales ;  it  differs  in  having  a  wider  aper- 
ture and  more  strongly  arched  dorsal  slope. 

Six  years  ago  a  close  examination  of  the  surface  characters 
led  the  author  to  refer  this  object  (and  its  genus)  to  the  Crus- 
tacea, chiefly  from  its  punctate  surface  and  from  the  fact  that 
the  sculpture  showed  more  distinctly  on  the  inner  surface  than 
the  outer.  The  shell  substance  was  also  found  to  be  calcareo- 
corneous,  like  that  of  the  trllobltes  and  other  Crustaceans. 

Var.  Radiata.     (Plate  XIV.,  fig.  2.) 

Stenotheca  radiata.  Trans.  Roy.  Soc.  Can.,  vol.  iii.,  pt.  iv.,  p. 
57,  pi.  vi.,  fig.  12. 

Outline  lenticular,  more  strongl}^  arched  on  the  apertural  than 
the  dorso-ventral  side ;  dorsal  slope  about  three  times  as  long  as 
the  ventral ;  apex  larger  and  more  prominent  than  in  the  type ; 
ventral  slope  more  concave ;  a  sulcus  about  one-third  from  the 
dorsum,  arching  from  the  apex  to  the  base,  usually  delimits  the 
dorsal  zone  from  the  rest  of  the  plate.  There  are  about  five 
irregular,  concentric  ridges  on  the  apical  part  and  ten  more  dis- 
tinct and  regular  ones  on  the  rest  of  the  plate. 

Sculpture. — Differs  from  that  of  the  type  in  the  general  ab- 
sence of  the  chevron  pattern  (though  in  a  band  extending  along 
the  middle  and  at  the  outer  margin  this  pattern  sometimes  ap- 
pears), but  generally  the  arrangement  of  the  ridgelets  is  irreg- 
ularly linear. 

Size. — Usually  somewhat  smaller  than  the  type. 

Horizon  and  Locality. — In  the  gray  shales  of  Div.  1  c  at  St. 
John;  rare;  also  in  the  dark  gray  shales  of  Div.  1  d^,at  St. 
Martin's ;  more  common. 

The  example  of  this  variety  from  Div.  1  c  is  smaller  than 
those  from  Div.  1  d^,  and  has  striae  radiating  from  the  apex. 

A  comparison  of  these  little  plates  with  the  triangular  plates 
of  Plumulites  will  show  that  they  are  much  alike,  the  essential 
differences  being  the  doubling  of  the  plate  in  Stenotheca,  its 
broader  aperture  and  the  insertion  of  additional  ridges  near  the 
dorsum.  The  Cambrian  fossils  have  the  same  sharpness  and 
close  opposition  of  the  ridges,  and  in  a  less  distinct  degree  the 
radial  banding  from  the  apex.     Though  we  noted  the  points  of 
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resemblance  in  composition  and  sculpture  between  these  plates 
and  the  tests  of  trilobites  some  years  ago,  we  did  not  then 
suspect  them  to  be  parts  of  Barnacles,' and  it  was  only  after  find- 
ing the  plates  of  another  species  (S.  triangularis)  in  intimate 
relation  to  the  detached  plates  hereafter  described  as  Cirripo- 
dites  that  we  were  led  to  suspect  that  they  might  be  parts  of 
Barnacles,  and  possibly  such  a  hollow  caudal  plate  as  Dr.  Clarke 
figures  for  Strobilepis.  If  we  admit  this,  however,  we  must  also 
be  prepared  to  allow  that  while  this  caudal  plate  was  of  calcareo- 
chitinous  composition  the  lateral  plates  of  the  same  creature 
were  thicker  and  calcareous. 

Another  possible  explanation  of  these  little  plates  is  that  they 
correspond  to  the  dorsal  row  of  small  conical  plates  such  as  is 
seen  on  Strobilepis,  but  this  seems  less  likely  on  account  of 
their  comparative  thinness  and  flexibility. 

Among  the  fossils  of  the  St.  John  group  which  the  author  in 
previous  papers  has  assigned  to  Stenotheca  there  are  two  types, 
that  just  described  and  another  chiefly  characteristic  of  a  lower 
horizon.  It  is  true  that  all  these  minute  fossils  have  certain 
characters  in  common,  as  the  compressed  conical  form,  the 
strong  ribbing  of  the  surface  and  the  thickened  dorsal  band. 
But  they  have  also  points  of  diflerence,  for  in  the  forms  de- 
scribed below  the  ribs  (except  in  one)  do  not  increase  in  number 
on  the  dorsal  side ;  they  are  more  distant  from  each  other,  and 
there  are  pores  or  perforations  at  their  extremities ;  these  pores 
or  holes  form  a  row  along  the  dorsal  ridge  and  sometimes  also 
along  the  ventral. 

^he  acquisition  of  better  examples  of  Stenotheca  triangu- 
laris than  were  in  hand  when  this  form  was  described,  has  led 
the  writer  to  conclude  that  there  are  important  diflferences  be- 
tween it  (and  some  others  described  with  it)  and  the  typical 
Stenothecse,  enough  to  constitute  specific,  if  not  generic  diflfer- 
ences between  them,  if  they  were  complete  organisms ;  but  as 
they  are  possibly  onlj^  parts  of  organisms  it  is  unnecessary  to 
make  any  generic  distinction  until  the  general  structure  is  known. 

In  the  first  examples  studied  it  was  not  observed  that  the  sur- 
face visible  was  not  the  outer  surface  of  the  test,  but  the  surface 
of  the  mould  of  the  interior,  and  the  "  long  cylindrical  apex  " 
described  and  figured  is  really  an  internal  tube  in  the.  apex  of 
the  cone. 

Stenotheca  tbianqularis.    (Plate  XIV.,  figs.  4a  and  46.) 

Stenotheca  triangularis^  Trans.  Roy.  Soc.  Can,,  vol.  iii.,  pt. 
iv.,  p.  58,  pi.  vi.,  figs.  5  and  5  a. 

Stenotheca  triangularis,  Trans.  Roy.  Soc.  Can.,  vol.  viii., 
pt.  iv.,  pp.  133,134. 
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Amended  Description. — Form  conical  with  an  oval  base  and 
bluntly  pointed  apex.  Viewed  laterally  the  cone  has  a  dorsal 
edge  moderately  convex,  and  a  ventral  edge  slightly  concave ; 
the  base  is  straight  for  two-thirds  of  its  length  and  turned  up  at 
each  end.  The  orifice  of  the  cone  is  a  flattened  oval  twice  or 
three  times  as  long  as  wide ;  the  side  of  the  cone  is  encircled 
by  about  six  undulations  of  growth  which  arch  upward  around 
each  end,  corresponding  to  the  curving  basal  margin.  The  cone 
has  in  its  apex  a  short,  annulated  tube,  about  as  long  as  the  space 
between  two  of  the  transverse  ridges  of  the  surface.  The  upper 
two-fifths  of  the  cone  is  thickened,  and  between  this  part  and 
the  base  the  cone  has  four  perforations  along  the  dorsal  slope, 
and  there  are  perforations  (four  ?)  also  along  the  ventral  slope. 
On  the  inner  surface  of  the  cone  there  aie  sharp,  engirdling 
grooves  corresponding  to  the  rounded  ridges  on.  the  outside,  and 
opposite  the  dorsal  and  ventral  perforations  these  grooves,  where 
they  meet  from  the  opposite  sides  of  the  cone  on  its  inside,  are 
enlarged  into  a  cup-shaped  cavity. 

Sculpture. — The  rounded  ridges  of  the  surface  are  each  tra- 
versed lengthwise  by  about  six  striae,  visible  only  with  a  lens. 

Size. — Height  4^  mm ;  length  of  base  5  mm. 

Horizon  and  Localit3\ — Fine  grey  shales  of  Div.  1  c^,  at  St. 
John  and  Hanford  Brook,  St.  Martinis.     Infrequent. 

This  fossil  has  a  thicker  and  firmer  test  than  the  two  preced- 
ing kinds.  The  perforations  recall  those  seen  on  the  appendages 
of  crustaceans  as  for  instance  those  of  Phyllopods,  figured  by 
Barrande,*  and  it  appears  probable  that  they  are  the  points  of 
attachment  of  mobile  spines.  Clarke  figures  a  row  of  such  in 
Strobilepis,  but  not  as  being  connected  with  the  terminal  plate. 

Stenotheca  nasuta.     (Plate  XIV.,  figs.  6a  and  66.) 

Stenotheca  nasuta^  Trans.  Roy.  Soc.  Can.,  vol.  iii.,  pt.  iv.,  p. 
58,  pi.  vi.,  fig.  13. 

Amended  description. — Conical,  subtriangular  in  side  view, 
with  deeply  concave  ventral  slope  and  convex  dorsal  slope. 
Orifice  of  the  cone  strongly  arched.  As  preserved  in  the  shale 
there  is  a  smooth  raised  band  both  on  the  dorsal  and  ventral 
slope,  that  on  the  former  being  wider ;  in  the  space  between  are 
about  six  rounded  concentric  ridges,  parallel  to  the  base. 

Sculpture. — The  surface  is  smooth,  or  nearly  so,  except  on 
the  dorsal  band,  where  a  number  of  faint  striae,  concentric  to 
the  apex,  are  made  visible  by  a  lens. 

Size. — Height,  about  2^  mm.;  length  of  base,  3^  mm. 

♦Systenie  Silarlen  de  Boheme,  vol.  1.,  supp.,  pi.  19,  flgs.  6,  8, 10,  &c. 
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Horizon  and  Locality. — Fine  gray  shales  of  Div.  1  c,  at  Han- 
ford  Brook,  St.  Martin's,  N.  B.,  Canada.     Rare. 

Other  examples  of  this  form  show  the  apex  to  be  acute.  Bosses 
on  the  surface  indicate  that  the  transverse  grooves  of  the  inte- 
rior terminate  near  the  dorsal  margin  in  a  cup-shaped  enlarge- 
ment similar  to  that  of  S,  triangularis^  but  no  perforations  of 
this  margin  have  been  detected.  Both  the  dorsal  and  ventral 
zones  of  the  shell  are  thickened,  and  the  concentric  ridges  scarcely 
show  there. 

Stenotheca  Hicksiana.    (Plate  XIV.,  fig.  3.) 

Stenotheca  Hicksiana^  Trans.  Roy.  Soc.  Can.,  vol.  iii.,  pt.  iv.^ 
p.  56,  pi.  vi.,  fig.  14. 

Amended  description. — Conical,  subtriangular,  with  strongly 
arched  convex  slope,  and  a  concave  slope  which  is  strongly 
curved  near  the  apex,  but  is  straight  for  the  lower  two-thirds  ;^ 
the  base  is  nearly  straight  for  two-thirds  of  its  length,  but 
curves  upward  toward  the  convex  slope;  apex  not  known. 
The  cone  is  compressed  and  carries  on  its  side  about  two  ridges 
on  the  concave  side  and  five  on  the  convex,  owing  to  intercal- 
ation of  additional  ridges;  perforations  of  the  sbell  opposite 
some  of  these  ridges,  on  the  dorsal  line. 

Size. — Height,  3  mm.;  length  of  base,  3|  mm. 

Horizon  and  Locality. — Dark  grey  shales  of  DiV,  1.  d.  ^  at 
Porter's  Brook,  St.  Martin's  N.  B.,  Canada.     Rare. 

The  comparatively  few  ridges  all}'  this  form  with  the  succeed- 
ing ones. 

CiBRiPODiTES  n.  gen. 

Small  calcareous  plates  of  peculiar  contour  and  relief  have 
from  time  to  time  been  found  in  the  beds  which  carry  the 
remains  of  Eocystites ;  these  plates  are  of  such  form  that  they 
do  not  appear  to  be  of  this  genus,  and  the  author  has  come  to 
regard  them  as  the  covering  plates  of  one  or  more  species  of 
Cirripedes.  A  symmetrical  plate  is  rare  among  them,  but  they 
are  usually  characterized  by  one  or  more  low  keels  with  the 
surface  somewhat  depressed  on  one  side  of  the  keel  and  elevated 
on  the  other;  many  of  them  also  have  a  deep  furrow  at  one 
side,  transverse  to  the  keel.  In  their  thickness  and  calcareous 
composition  they  resemble  plates  of  Eocystites,  to  which  some 
of  them  may  belong. 

Complete  skeleton  unknown.  The  remains  consist  of  small^ 
thick,  calcereous  plates,  usually  asymmetrical  in  form,  smooth, 
but  having  growth  lines  along  the  margin.  The  following  are 
the  chief  variations  in  form  : 
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Type  A,  Plate  XIV.,  Figs,  a  aud  b. 

Oval  plates,  usually  rather  flat,  having  a  strong  ridge  length- 
wise, and  often  a  more  obscure,  obliquely  transverse  ridge.  The 
form  is  not  a  true  oval,  and  is  usually  more  angulated  on  one 
side  than  the  other. 

Size. — Length,  6  to  8  mm. ;  width,  4  to  6  mm. 

Type  B,  Plate  XIV.,  Figs,  c  and  d. 

Semi-ellipsoid  plates.  These  also  are  nearly  flat  and  have  a 
slight  furrow  alon^g  the  straight  side.  From  near  the  center  at 
one  side  faint  furrows  radiate  toward  the  rounded  margin.  Some 
of  these  plates  have  two  long  sides  nearly  parallel. 

Size. — Length,  about  8  mm. ;  width,  about  4  mm. 

Type  C,  Plate  XIV.,  Figs  e  to  h. 

Roughly  semi-circular  plates,  with  or  without  a  flange  on  the 
straight  side.  Between  the  flange  and  the  body  of  the  plate  is 
a  deep  furrow ;  body  of  the  plate  elevated  and  having  an  umbo 
which  overhangs  the  furrow  and  from  which  a  low  ridge  extends 
toward  the  rounded,  often  emarginate  or  obtuselj' pointed  oppo- 
site margin.  Usually  the  plate  is  depressed  on  one  side  of  the 
keel  and  elevated  on  the  other,  and  there  are  sometimes  obscure 
subsidiary  ridges  radiating  from  the  main  keel  or  ridge.  The 
flange  is  usually  wider  at  the  sides,  and  reflected  backward,  or 
emarginated  in  the  middle.  These  resemble  the  peripheral  plates 
of  Trochocystites,  Barrande. 

Size. — Length,  parallel  to  the  furrow,  5  to  8  mm. ;  width,  3 
to  5  mm. 

Type  D,  Plate  XIV.,  Fig.  i. 

Ovate  plates  with  pointed  end.  These  have  a  distinct  furrow 
along  the  axial  line ;  they  are  convex  all  around,  and  have  a 
short  ridge  inside  near  the  apex. 

Size. — Length,  6  mm. ;  width,  5  mm.     Rare. 

Type  E,  Plate  XIV.,  Fig.  k. 

Triangular  plate  rather  flat,  having  ridges  diverging  toward  the 
rounded  corners ;  ridges  increasing  in  width  and  more  prominent 
toward  the  outer  ends.     This  plate  may  belong  to  a  Cystidian. 

Size. — Length  and  width,  5  mm.     Rare. 

Type  F,  Plate  XIV.,  Figs.  I  and  w. 

Sub-triangular  plates,  rather  flat,  with  curved  margins,  one 
concave  and  the  other  convex.  An  arched  furrow,  nearer  one 
margin  than  the  other.,  traverses  them. — Cirripodites  cambrensis. 

Type  G,  Plate  XIV.,  Fig.  n. 

Triangular  plates  of  high  relief,  sometimes  showing  facets  of 
contact  on  the  sides  next  the  pointed  end.  One  side  of  the  plate 
rounded. 

Size. — Length,  4  to  5  mm. ;  width,  3  to  4  mm. 
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Sculpture. — All  these  forms  of  plates,  except  for  the  keels  and 
furrows  described,  have  a  comparativelj'^  smooth  surface,  there 
being  only  obscure  lines  of  growth,  and  these  not  usually  seen 
except  toward  the  edges  of  the  plates,  and  to  these  edges  the 
lines  are  parallel. 

Horizon  and  Locality. — Gray  shales  of  Div.  1  c  at  St.  John 
and  Hanford  Brook,  St.  Martin's.     Somewhat  rare. 

The  reference  of  these  plates  to  Cirripedes  is  largely  a  matter 
of  conjecture.  As  oval  and  circular  plates  have  been  found  to 
occur  along  the  dorsum  of  several  genera  of  fossil  Cirripedes 
plates  of  the  type  L  and  D  may  have  had  such  a  position,  those 
of  t3'pe  B  are  evidently  lateral,  though  the  elongated  form  is 
unusual.  Plates  of  the  type  G  are  more  plentiful  than  the  others 
and  have  the  appearance  of  overlapping  lateral  plates.  I  have 
seen  plates  from  the  crown  and  lateral  edges  of  a  Trochocystites 
that  resemble  these,  with  similar  flange  and  furrow.  Plates  of  the 
type  F  more  nearly  resemble  the  opercular  armature  of  modem 
Cirripedes,  and  seem  to  be  the  representatives  in  the  old  rocks  of 
the  conical  plates  of  Plumulites,'*'  and  are  perhaps  scutal  plates, 
while  the  type  O  is  analagous  to  the  laterals  of  such  a  genus  as 
Scalpellum.f  The  longitudinal  curved  ridge  of  type  F  is  com- 
parable to  those  figured  by  Barrande.  Hall  and  J.  M.  Clarke.^ 

The  broad  sub-semicircular  or  subtrapezohedral  form  of  many 
of  these  plates  may  seem  unusual,  but  is  not  without  a  prece- 
dent in  extinct  genera,  as  Archseolepas  and  Loricula,  which  have 
rows  of  similar  broad  plates  on  the  peduncle.§ 

In  the  shales  which  contain  Plumulites  Manuelensis  at  Man- 
uel Brook,  Newfoundland,  are  casts  of  calcareous  plates  which 
are  similar  to  the  above,  thus  resembling  the  coronal  plates  of 
Trochocystites ;  but  they  are  diflferent  in  form  from  those  of  the 
Eteminicus  zone  at  St.  John  ;  the  commonest  form  has  a  very 
heavy  keel  or  furrow  and  is  truncated  at  each  end.  The  mate- 
rial is  insufiScient  to  determine  the  nature  of  these  plates,  which 
are  sparsely  scattered  over  la^^ers  in  which  Microdiscus  punc- 
talus  abounds. 

TRILOBITA. 

Agnostus,  Brongniart. 

This  is  the  most  aberrant  of  all  the  primordeal  trilobites  of 
common  occurrence,  and  the  most  diflficult  to  associate  with  the 

*Sy8t.  Silur.  Bobem.,  vol.  1.,  Supp.  pi.  20,  figrs.  7,  8  and  9  b.  Pal.  N.  York,  vol.  Til., 
pi.  xxxTi.,  figs.  1  and  3. 

fTrait^  de  Palseontoloffie,  Zittel  &  Barrois,  tome  11.,  p.  636. 

tSyst.  SUar.  Bohem.  vol.  1.,  Supp.  pi.  20,  figs.  22,  1  a  and  5  b;  also  PaL  N.  Y.,  vol. 
vli.,  pi.  xxxvl.,  figs.  10, 11  and  16. 

g  Traits  de  Palseontologle,  Zittel  and  Barrois,  p.  583  and  534. 
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Others  by  features  held  in  common.  The  abortion  of  the  pos- 
terior lobe  of  the  glabella,  the  absence  of  the  occipital  ring,  the 
immutable  number  of  two  joints  in  the  thorax,  all  show  the 
divergence  from  the  common  type ;  and  also  there  is  seldom 
seen  on  an  Agnostus  the  proof  of  that  development  and  ex- 
pansion of  the  pygidium  which  can  be  traced  in  the  moulding  of 
the  surface  of  this  shield  in  most  other  primordeal  trilobites. 

Nevertheless  there  are  some  indications  of  a  closer  resem- 
blance between  Agnostus  and  its  allies  in  the  earlier  stages  of 
growth  than  appear  in  the  adult  trilobite.  Owing  to  the  min- 
uteness of  the  shield  in  the3'^oung  of  this  genera,  it  is  difficult  to 
make  out  the  outline  and  contour  of  the  test  in  the  early  stages ; 
but  it  may  be  said  that  the  pygidium  is  proportionately  broader 
and  both  the  marginal  fold  and  furrow  wider  than  is  found  to 
be  the  case  at  a  later  period ;  in  the  early  larval  stages  it  thus 
approximates  more  in  form  and  contour  to  other  trilobites  than 
at  a  later  period. 

By  comparing  different  species  of  Agnostus,  and  by  a  close 
examination  of  the  surface  features  of  the  tests,  we  arrive  at  a 
few  indications  of  the  process  by  which  this  peculiar  self-con- 
tained genus  has  been  developed. 

To  look  at  some  Agnosti  (e,  g.  Regii*)  one  would  liardl}'' 
suspect  that  there  are  more  than  two  lobes  in  the  glabella,  but 
on  examining  others  (Fallaces  and  Longifrontes)  it  will  be  seen 
that  there  has  been  an  abortion  of  the  true  posterior  lobe  (called 
^*  basal  lobes"),  so  that  in  the  Regii  it  has  become  a  mere  ridge. 
The  so-called  posterior  lobe  of  the  glabella  is  also  itself  in  some 
species  seen  to  be  indented  bj-  two  pairs  of  furrows ;  hence 
there  are  normally  five  lobes  in  the  glabella. 

The  abortion  of  the  true  posterior  lobes  of  the  glabella  (the 
^'  basal  lobes  ")  is  the  fixation  of  an  early  larval  condition  in 
Agnostus.  This  lobe  in  Agnostus  never  becomes  an  integral 
part  of  the  glabella,  but  consists  of  two  small  triangular  lobes 
(sometimes  nearly  obsolete)  below  the  level  of  the  glabella  and 
connected  behind  it  by  a  narrow  thread-like  ridge.  The  trian- 
gular form  of  these  lobes  is  not  embryonic,  it  shows  a  larval 
development  up  to  a  certain  point;  but  its  sub-ordination  to 
the  glabella  and  its  separation  from  it,  is  evidence  of  subse- 
quent arrest  of  growth. 

The  suppression  of  the  occipital  ring  reduces  the  cephalic 
somites  in  Agnostus  to  five,  which  is  the  complete  number  in 
many  trilobites  which  have  this  ring.  In  most  species  of 
Agnostus  the  occipital  ring  is  not  recognizable,  hence  the  first 

*The  several  sectioiiB  into  which  the  genus  Agnostus  has  been  divided  by  Tullberg 
are  described  at  page  204. 
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joint  of  the  rachls  has  no  protecting  cover,  except  in  so  far 
as  the  attenuated  posterior  lobe  (basal  lobes)  of  the  glabella 
may  assume  that  office,  an  unusual  condition  with  trilobites. 
A,  regulus  is  the  only  species  known  to  me  that  has  an  occipital 
ring. 

Agnostus  is  the  sole  genus  among  the  early  Cambrian  trilo- 
bites, except  Microdiscns,  in  which  the  pleural  groove  runs  for- 
ward in  going  outward  toward  the  extremity  of  the  pleura,  and 
in  association  with  this  we  find  the  point  of  the  pleura  in  most 
Agnosti  turned  forward,*  this  is  especially  plain  in  Longi- 
frontes.  In  Fallaces  the  pleural  groove  on  the  posterior  seg- 
ment lies  along  the  front  of  the  pleura,  but  on  the  anterior 
segment  at  the  back ;  hence  the  pleura  in  this  group  is  inflated 
in  the  middle  and  tubercle-like ;  on  the  anterior  segment  there 
are  really  two  grooves,  of  which  the  anterior  affords  an  inter- 
locking edge  with  the  marginal  fold  of  the  head  shield  when  the 
body  if  folded  together. 

The  long  pygidium  of  an  Agnostus  assures  us  that  this  part 
has  undergone  very  considerable  changes  from  the  early  larval 
moults,  but  the  proof  is  not  often  apparent ;  an  examination  of 
the  tests  of  two  species  {A,  Aoadicua  var.  declivia  and  A. 
Nathorsti)  give  an  inkling  of  the  way  in  which  the  changes  have 
ome  about — those  which  resulted  in  the  three-lobed  rachis  of  the 
early  Agnosti. 

In^.  Nathor8tis,n^  other  Lonigifrontes  the  attenuated  and  de- 
pressed end  of  the  rachis  is  the  original  pygidium,  the  front  of 
this  part  is  marked  by  a  minute  tubercle  (to  be  found  only  in 
well  preserved  tests) ;  in  a  rare  example  of  the  pygidium  of  de- 
clivis  three  pairs  of  scars  behind  this  tubercle  point  out  the 
existence  of  three  somites  here ;  two  pairs  of  scars  in  front  of 
this  little  tubercle  indicate  the  presence  of  two  more  somites, 
which  complete  the  posterior  lobe  of  the  rachis ;  these  two  som- 
ites swell  out  to  greater  width  and  height  than  those  behind ; 
the  anterior  of  these  two  somites  is  also  sometimes  further 
marked  off  by  a  pair  of  furrows,  one  on  each  side  of  the  rachis 
corresponding  to  the  oblique  furrow  on  each  side  of  the  anterior 
lobe  of  the  adult  rachis ;  in  Regii  these  furrows  are  so  strongly 
developed  that  this  somite  was  counted  by  Barrande  as  a  part 
of  the  middle  lobe  of  the  rachis.  The  middle  lobe  and  the 
anterior  lobe  of  the  rachis  form  another  enlarged  pair  of 
somites  with  a  tubercle  or  spine  at  the  back,  and  correspond  to 
the  two  front  somites  of  the  posterior  lobe. 

We  thus  see  that  by  its  pygidium  Agnostus  shows  three  stages 

*Aii  exception  to  this  almost  anivenal  rule  is  A.  granulcUua  Barr.,  but  It  Is  one  of 
the  few  Agnosti  that  have  genal  spines. 
Note— 204  of  last  line  p.  208,  should  be  210. 
Transactions  N.  Y.  Acad.  Sci.,  XV.,  Sig.  11,  August  14, 1896. 
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of  development:  1.  The  early  larval  stage — ^non-agnostiform — 
when  it  possessed  about  1-3  somites ;  2.  The  later  larval  stage 
— agnostiform — when  it  had  about  4-5  somites ;  3.  The  adult 
condition,  when  it  had  about  6-7  somites,  and  the  three  main 
lobes  of  the  rachis  were  developed  with  4-5  somites  in  the  pos- 
terior  of  the  three. 

The  above  remarks  are  based  wholly  upon  the  three  types  of 
Agnosti  that  appeared  in  Europe  and  America  simultaneously 
in  the  first  sub-fauna  of  Paradoxides.  To  us  the  special  features 
of  the  other  two  sections  of  the  genus  are  of  less  moment,  as 
they  appear  to  be  simply  a  progressive  effacement  of  those  thai 
are  found  in  the  earlier  types  ;  and  it  is  in  accordance  with  this 
that  they  appeared  later  in  time,  the  Parvifrontes  in  the  third 
sub-fauna  of  Paradoxides,  theLaevigati  scarcely  before  the  fourth, 
while  these  latter  culminated  in  the  sixth,  seeing  that  the  beds 
are  called  the  zone  of  Agnostus  leevigatus. 

In  these  later  types  of  the  Paradoxides  beds  both  the  glabella 
and  the  rachis  are  effaced,  so  that  scarcely  any  means  remain  of 
distinguishing  the  heads  from  the  tails  in  these  smooth  tests. 
Nevertheless  it  is  not  such  aberrant  types  that  carry  on  the 
genus  Agnostus  to  a  later  time,  but  modifications,  more  direct, 
of  the  primftive  types  ;  for  though  the  Regii  disappeared  from 
the  stage  of  life  in  the  early  Cambrian  time,  Fallaces  and  Longi- 
frontes  survived  in  the  Ordovician  seas,  and  the  former  lived  on 
to  its  close.  Thus  this  type  which  was  the  most  abundant  when 
the  Agnosti  appeared  in  the  seas  of  Sweden,  Wales  and  eastern 
Canada  was  the  last  to  disappear  when  the  genus  was  finally  ex- 
tinguished at  the  close  of  Ordovician  time. 

Tullberg,  in  his  classical  memoir  on  the  genus  Agnostus,"** 
divides  it  into  four  groups,  distinguished  by  well  marked  and 
easily  recognized  characters.f  The  arrangement  is  such  as  to 
greatly  aid  in  determining  the  species  of  this  large  genus,  so 
characteristic  of  all  parts  of  the  Cambrian  f^om  the  Olencllus 
zone  upward.  The  greatest  development  of  the  genus  is  in  the 
Paradoxides  zone,  and  especially  the  upper  part. 

The  following  are  TuUberg's  sections : 

Longifrontes.  '*  Distinguished  by  a  manifest  extension  of  the 
glabella  and  rachis,  which  commonly  is  rather  long.  Test  some- 
times smooth,  sometimes  the  cheeks  are  furrowed,  sometimes  the 
test  both  on  the  cheeks  and  pygidium  is  studded  with  elevated 
points.     The  marginal  fold  is  generally  narrow.     The  cheeks  in 

*Oiii  Agnostus  arterna  i  de  Cambriska  aflagrlngarne  vld  Andrarum.  S.  A.  Tollberg, 
Stockholm,  1880. 

fit  may  also  with  propriety  be  divided  into  five  sections  as  the  Limbatl  contains 
two  very  distinct  types. 
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front  of  the  glabella  and  the  side-lobes  behind  the  rachis  of  the 
pygidium  are  divided  by  an  indented  line."* 

This  group,  both  in  Sweden  and  eastern  Canada,  was  one  of  the 
first  to  appear,  and  it  proved  also  to  be  one  of  the  most  persist- 
ent.   The  following  species  and  varieties  may  be  referred  to  it : 

Agnostus  obtusilobus. 

A Davidis,  Hicks. 

A gibbus,  Linrs. 

A var.  partitus. 

A var.  acutilobus. 

A Nathorsti,  Brogg.  and  var.  confluens,  n.  var. 

A fissus,  Lundg.,  and  var.  trifissus,  n.  var. 

A punctuosus,  Ang. 

Limbati,  TuUberg  divides  this  group  into  two  sections,  viz., 
Regii,  of  which  A,  rex,  Barr,  is  the  type,  andFallaces,  with  P. 
fallax,  Linrs.,  as  the  type.  Both  sections  are  old,  being  found 
in  the  earliest  Paradoxides  beds  both  in  Europe  and  America. 
This  group  (Limbati)  has  the  following  characters :  "  A  shield 
which  is  generally  more  quadrate  in  form  than  the  Longifrontes; 
the  head  shield  has  a  broader  marginal  fold ;  the  basal  lobes  of 
the  glabella  are  more  prominent  ;  the  cheeks  in  front  of  the  gla- 
bella are  not  separated  by  a  furrow,  and  they  are  smooth,  and 
the  pygidium  commonly  has  a  pair  of  spines  at  the  back  margin." 

"  The  section  Begii  is  distinguished  by  its  broad  marginal 
fold,  by  the  reduced  cheeks  and  reduced  side  lobes  of  the 
pygidium ;  also  the  glabella,  especially  at  the  front  part,  is 
broad,  and  the  third  joint  of  the  rachis  of  the  pygidium  is 
shortened." 

The  Regii  have  been  found  in  America  in  the  first  and  third 
sub-faunas  of  the  Paradoxides  zone.  Only  two  species  are 
known. 

Agnostus  regulus,  and 

A Rex,  Barr.,  var.  transectus  n.  var. 

The  section  Fallaces  has  the  following  characters  :  "  The  head 
shield  is  smaller,  the  marginal  fold  not  so  broad,  the  cheeks  are 
larger,  the  basal  lobes  of  the  glabella  rather  large,  and  the  third 
joint  of  the  rachis  of  the  pygidium  is  the  largest." 

The  following  species  are  found  in  eastern  Canada  and  New- 
foundland : 

Agnostus  fallax,  Linrs.,  var.  vir. 

A var.  concinnus. 

A var.  trilobatus  n.  var. 

A Acadicus,  Hartt. 

A var.  declivis. 

*  The  last  character  is  not  constant  as  regards  the  pygridium.— O.  F.  M. 
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Farmfrontes.  "This  group  is  distinguished  by  the  incom- 
plete development  of  the  glabella,  which  is  not  divided  into 
lobes." 

In  eastern  America  this  group  appears  first  with  the  Abenacus 
sub-fauna,  and  has  the  following  species : 

Agnostus  parvifrons. 

A var.  tessella. 

A var.  truncatuB. 

A umbo. 

Lsemgati.  ^^  This  group  is  distinguished  by  the  more  or  less 
complete  effacement  of  the  glabella  and  the  rachis  of  the  pygi- 
dium.*  The  test  is  always  smooth  and  shining,  sometimes  with 
traces  of  furrows.  The  marginal  fold  has  a  tendency  to  disap- 
pear from  the  head  shield,  but  becomes  broad  on  the  pygidium." 

The  group  has  been  found  in  the  Paradoxides  beds  of  America, 
chiefly  in  those  of  Newfoundland.  It  comes  in  freely  with  the 
Davidis  sub-fauna. 

The  following  species  occur : 

Agnostus  lavigatus,  Dalm.,  var.  terranovicus  n.  var. 

A var.  ciceroides  n.  var. 

A var.  mammilla  n.  var. 

?  A nudus  Beyr. 

In  describing  the  following  species  the  author  has  not  followed 
TuUberg's  arrangement  entirely,  because  he  has  found  Longi- 
frontes  rare  in  the  first  sub-fauna,  their  great  development  was 
in  the  third,  fourth  and  fifth  sub-faunas.  On  the  other  hand^ 
the  Regii  appear  to  have  been  verging  towards  extinction,  as  in 
America  they  disappear  with  the  advent  of  the  Abenacus  Tthird) 
sub-fkuna.  The  arrangement  adopted  is  Regii,  Fallaces,  Brevi- 
frontes,  Longifrontes,  Lsevigati. 

The  Agnosti  of  the  American  Paradoxides  beds  have  a  definite 
order  of  succession,  corresponding  nearly  to  that  observed  in 
those  of  Europe,  viz. : 

In  the  P.  lamellutus  sub-zone  are  the  following:  Regii.  A. 
regulus — Fallaces,  A.  fallax,  and  var.  vir.,  and  var.  trilobatus — 
Longifrontes.  A.  gibbus  and  var.  partitus. 

In  the  P.  Eteminicus  sub-zone. — Fallaces,  A.  fallax  and  A. 
Acadicus. 

In  the  P.  Abenacus  sub-zone. — Regii.  A.  rex  var.  transectns 
— Fallaces.  A  fallax  var.  concinnus.  A.  Acadicus  var.  de- 
clivis — Farmfrontes.  A.  parvifrons  and  var.  tessella  and  var. 
truncatus  and  A.  umbo — Longifrontes.  A.  obtusilobus.  A. 
gibbus  var.  acutilobus,  A.  Natborsti  and  var.  confluens,  A. 
fissus  an(}  var.  3-fissus. 

*Thi8  last  (the  efflEusement  of  the  rachis)  is  not  a  constant  featnie. 
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In  the  P.  Davidis  sub-zone. — Fallaces  A.  Acadicus  var.  de- 
clivus — Parmfrontes.  A.  parvifrons — Long%fronte8,  A.  Davidis, 
A.  fissus,  var.  trifissus,  A.  punctaosus — Laevigati.  A.  laevigatus 
Tar  terranovicus,  var.  ciceroides  and  var.  mammilla,  A.  nudus. 

AoNOSTUs  REQULUs.    (Plate  XYI.,  figs,  la,  b  and  e.) 

Agnostua  regulus.  Trans.  Roy.  Soc.  Can.,  vol.  iii.,  pt.  iv., 
p,  67,  pi.  vii.,  figs.  1  a-<i. 

Amended  Description. — Body  elongate-elliptical,  with  straight 
sides  and  semi-circalar  ends. 

Cephalic  shield  elongate,  semi-elliptical:  posterior  contour 
broken  by  the  projecting  glabella  and  narrow  occipital  ring. 
Width  and  length  of  the  head  shield  nearly  equal.  Dorsal  fur- 
row distinctly  but  not  deeply  impressed.  Marginal  furrow  and 
fold  are  sharply  defined,  and  the  latter  diminishes  toward  the 
posterior  angles  of  the  shield. 

Glabella  large,  consisting  of  two  lobes ;  the  anterior  semicir- 
cular, wider  than  the  posterior  lobe,  elevated  above  the  general 
contour  of  the  surface,  and  in  some  examples  undulate  with 
broad  furrows,  spreading  from  the  back  of  the  lobe ;  posterior 
lobe  flattened-cylindrical,  with  a  broad,  faint  transverse  furrow, 
one-third  from  the  front,  interrupted  at  the  summit  of  the  gla- 
bella by  a  small  tubercle,  elongated  on  the  line  of  the  axis. 
Basal  lobes  obsolete,  being  merged  in  the  posterior  marginal 
fold.  Occipital  ring  minute,  narrowly  lenticular,  concealed  be- 
low the  projecting  obtusely  angular  end  of  the  glabella.  The 
cheeks  are  narrowed  in  the  middle,  there  being  a  crescent-shaped 
limb  in  front  of  the  anterior  lobe  of  the  glabella,  and  a  broad 
rectangular  limb  on  each  side  of  the  posterior  lobe  of  the  gla- 
bella. 

The  thorax  consists  of  two  segments ;  the  anterior  subarcuate 
and  marked  by  five  lobes  that  are  bounded  by  furrows  radiating 
backward;  the  inner  pair  of  lobes  are  larger  than  the  outer. 
The  posterior  segment  of  the  thorax  is  unknown. 

The  pygidium  is  elliptical,  with  straight  sides,  and  is  trun- 
cated in  front  of  the  side  lobes;  it  is  widest  at  the  anterior 
angles.  The  rachis  is  large,  high,  obtusely  clavate,  constricted 
in  the  middle,  and  divided  into  three  lobes;  the  anterior  lobe  is 
narrow,  especially  in  the  middle;  the  middle  lobe  is  short  and 
sublenticular  in  form  and  bears  an  elongated  ridge  like  tubercle 
on  the  apial  line  that  projects  backward  across  the  anterior  seg- 
ment of  the  third  lobe ;  the  third  lobe  is  subpentagonal  in  form 
and  has  a  pair  of  side  furrows  in  the  widest  part.  The  lateral 
lobes  of  the  pygidium  are  narrowed  opposite  the  posterior  part 
of  the  rachis  and  meet  behind  it. 
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Size. — Length,  6  mm. ;  width,  2^  mm. 

Horizon  and  Locality. — Found  in  the  fine  gray  shales  of  Div. 
1  c^  at  St.  John  and  at  Porter's  and  Hanford  Brook,  St.  Mar- 
tin's, N.  B.,  but  nowhere  plentiful. 

This  little  species  is  remarkable  for  the  large  size  of  the  gla- 
bella and  the  rachis ;  in  these  features  and  in  the  expanded  an- 
terior end  of  the  glabella  it  resembles  A,  rex^  Barr.  and  A.  regiua^ 
Sjogr.,  but  there  are  no  raised  lobes  on  the  cheeks  similar  to 
those  species,  and  the  proportions  of  the  glabella,  etc.,  differ.  It 
is  nearest  the  latter  species. 

Agnostus  rex,  Barr.  var.  transectus  n.  var.  pi.,  xvi.,  fig.  2. 

This  form  differs  from  the  type  as  described  and  figured  by 
Tullberg  in  having  the  first  and  second  segment  divided  com- 
pletely ;  for  there  is  no  continuous  ridge  on  the  rachis  from  the 
front  to  the  middle  of  the  shield,  as  in  the  type ;  but  the  ridge 
arises  toward  the  back  of  the  middle  lobe,  and  thence  stretches 
nearly  across  the  anterior  segment  of  the  posterior  lobe. 

It  also  differs  from  the  type  in  the  proportionately  longer 
rachis,  and  in  the  narrowness  of  the  raised  area  which  encloses 
the  end  of  the  rachis ;  here  the  rachis  almost  touches  the  flat- 
tened band  which  runs  around  the  shield  within  the  margin. 

Size — Length  of  pygidium,  6^^  mm ;  width,  6  mm. 

Horizon  and  locality. — Dark  gray  shales  of  Div.  1  d^^&t  Por- 
ter's Brook,  St.  Martin's.     Rare. 

Agnostus  fallax,  Linrs.  pi.  xv.,  figs.  8a  and  b. 

Agnostus  fallax  Linrs.  Om  Yestergot.  Cambr.  och  Silur* 
aflagr.,  p.  81,  tab.  ii.,  figs.  54,  55. 

Agnostus  fallax,  Brogger,  Om.  Paradoxid.  skifr.  ved.  Erekling, 
Nyt.  Mag.,  Christiania,  1878,  p.  64,  tab.  vi.,  fig.  1,  1  a. 

Agnostus  fallax,  hinrs.  Om.  faun,  i  lagr.  med  Paradox.  (Eland. 
Qeolog.  forenin,  Stockholm,  18T7,  p.  371,  pi.  15,  fig.  7. 

Agnostus  fallax,  TuUb.  Om  Agnostus  arterna,  p.  31,  pi.  ii., 
fig.  22. 

The  following  is  Linnarsson's  description  of  this  species : 

^^  Test  smooth.  Head-shield  subquadrate,  surrounded  by  a 
wide  margin  glabella  bilobed,  anterior  lobe  broad,  posterior 
lobe  with  an  indentation  on  each  side  in  front  of  the  middle, 
furnished  with  an  elevated  point  behind  the  middle.  Basal  lobes 
large  triangular.  Cheeks  confluent  in  front  of  the  glabella. 
Pygidium  subquadrate,  surrounded  by  a  marginal  fold  which 
is  broader  behind  and  bidentate.  Rachis  scarcely  three-jointed, 
the  first  joint  with  obsolete  lateral  tubercles,  middle  joint  orna- 
mented with  an  elevated  point." 
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The  typical  form  is  described  as  ^^Kachis  of  tlie  pygidium 
long,  nearly  reaching  the  margin,  lateral  lobes  greatly  narrowed 
behind,  scarcely  meeting  behind  the  rachis,  marginal  fold  moder- 
ately broad." 

Size. — Length  and  breadth  of  the  shield,  3-4  mm. 

There  is  so  much  difference  in  the  tests  which  are  referred  to 
A.fallax  by  Swedish  geologists  that  I  am  constrained  to  admit 
that  the  form  I  have  described  as  A.  vir  can  be  included  as  a 
variety  under  it,  and  it  is  here  so  described ;  it  is  in  fact  nearer 
the  typical  form  than  A.fallax^  vsir.ferox,  TuUb. 

Development  of  the  young. — Several  small  heads  and  tails 
of  the  following  variety  of  this  species  show  important  differ- 
ences from  the  adult.  The  bead  when  of  the  length  of  ^  mm. 
shows  a  narrow,  cylindrical  glabella,  divided  into  four  lobes  by 
furrows  indenting  the  sides ;  the  first  furrow  crosses,  but  is 
shallow  in  the  middle,  the  second  is  less  distinct,  the  third  is 
fainter  still ;  the  basal  lobes  cannot  be  seen.  When  the  head 
has  grown  to  the  length  of  1  mm.  the  anterior  furrow  alone  is 
distinct,  and  the  glabella  is  much  as  in  the  adult. 

The  pygidium  in  the  larva  of  this  size  (1  mm.  long  )  is  pro- 
portionately shorter  and  the  rachis  more  prominent  than  in  the 
adult,  and  the  marginal  fold  and  cusps  are  quite  distinct ;  three 
transverse  undulations  divide  the  rachis  into  four  somites ; 
these  divisions  except  remnants  of  the  anterior  one  disappear 
in  the  adult,  as  does  also  a  minute  spine  at  the  back  of  the  third 
lobe  from  the  front.  The  embryonic  pygidium  is  indicated  by 
the  low  and  weak  part  of  the  rachis  behind  the  small  spine 
visible  on  this  tailpiece. 

An  example  IJ  mm.  long  of  the  pygidium  of  this  variety 
bears  four  cusps  at  the  posterior  border,  but  this  extra  armament 
is  rare;  it  may  be  compared  with  var  triciispis  found  by 
Brogger  in  the  Paradoxides  bed  of  Krekling,  in  Norway,* 
which  has  a  central  cusp  between  the  two  usually  found. 

Agnostus  similia  Hartt,  which  Walcott  makes  a  synonym  of 
A.  Acadicus  might  belong  here  but  for  its  want  of  spines  on 
the  caudal  shield. 

Var.  VIR.  pi.  XV.,  fig.  6. 

Agnostus  vir.  Trans.  Roy.  Soc.  Can.,  vol.  iii.,  pt.  iv.,  p.  69, 

pi.  viii.  fig.  3. 

f  Agnostus  similis,  Hartt,  Acad.  Geol.,  2d  ed.,  p.  606. 

This  is  a  larger  form  than  the  type,  and  differs  in  the  more 

conical  glabella,  with  the  spine  set  further  forward,  in  the  com- 
mon Paradoxidessklfrene  ved  Krekling,  p.  87,  Tab.  vl.,  fig.  la. 
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paratively  smooth  ring  of  the  posterior  joint  of  the  thorax,  and 
in  the  absence  of  segmentation  in  the  rachis  of  the  pygidium. 

Size. — Length,  12  mm ;  width,  5  mm. 

Horizon  and  locality. — This  variety  has  been  found  only  at 
St.  John  in  Div.  1  c^.  The  typical  fallax  occurred  here  also, 
but  is  more  common  at  Hanford  Brook  in  Div.  1  c^. 

Var.  coNCiNNUS.  pi.  xv.,  figs.  7a  to  c. 

Agnostus  vir,  var,  concinnus,  Trans.  Roy.  Soc.  Can.  vol.  iii., 
pt.  iv.,  p.  70,  pi.  vii.,  figs.  4a  to  c. 

This  form  presents  the  following  differences  from  var.  vir, : 
The  glabella  is  more  cylindrical,  is  proportionately  longer  and 
the  cross-furrow  is  directly  transverse.  In  the  thorax  the  last 
segment  carries  five  distinct  lobes,  the  middle  lobes  being  seg- 
mented. In  the  pygidium  at  the  anterior  end  of  the  rachis,  a 
small  triangular  lobe  is  faintly  defined  on  each  side.  This  va- 
riety is  smaller  than  in  the  type. 

Size. — Length,  about  9  mm ;  width,  3^  mm. ;  cephalic  shield, 
4x3^  mm. 

Horizon  and  Locality. — The  fine  dark  gray  shales  of  Div  1  d^ 
at  Porter's  Brook,  St.  Martin's,  etc. 

Development  of  the  Young. — Both  the  head  shield  and  pygi- 
dium of  the  i  mm.  size  have  been  found  in  this  form.  The  front 
furrow  of  the  glabella  is  more  distinct  than  in  the  preceding 
variety,  and  the  basal  lobes  are  scarcel,y  visible.  At  1^  mm. 
some  heads  develop  a  short  furrow  from  each  front  corner  of 
the  glabella,  running  forward ;  this  furrow  is  sometimes  seen  in 
the  adult  of  A.  Jissus,  A  head  shield  3^  mm.  has  three  furrows 
of  this  kind;  one  median. 

The  pygidium  of  ^  mm.  size  already  has  the  marginal  fold 
and  furrow  distinct,  but  the  furrow  is  not  widened  backward, 
though  the  fold  is  and  is  cuspidate.  The  rachis  is  prominent, 
except  behind,  and  the  front  lobe  is  marked  off  by  a  shallow 
furrow ;  the  width  of  the  second  lobe  is  defined  by  the  long  axial 
tubercle ;  behind  it  is  a  third  lobe,  not  defined  by  any  furrow, 
weak  and  at  the  end  sinking  below  the  level  of  the  cheeks,  which 
meet  and  are  wide  behind  it.  In  this  small  pygidium  there  is 
no  fourth  lobe  in  the  rachis,  but  this  is  developed  in  the  1^  mm. 
shield,  which  differs  little  from  that  of  var.  vir  of  the  same  size, 
except  that  the  posterior  tubercle  has  not  been  observed. 

Yar.  TRILOBATUS.  pi.  XV.,  fig.  9. 

Agnostus  partitus  (supposed  pygidium).  Trans.  Roy.  Soc. 
Can.  vol.  iii.,  p.  68,  pi.  vii,  fig.  26. 
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A  head  shield  associated  with  this  pygidium  does  not  differ 
from  the  type  of  A.  fallax^  but  the  pygidiam  does. 

Pygidium  quadrate,  somewhat  wider  than  long,  marginal  fold 
and  furrow  sharply  defined  in  front,  wide  at  the  sides  and  with 
strong  spines.  Rachis  trilobed  by  two  strong  transverse  furrows, 
which  are  deeply  cut  in  the  middle  and  also  at  the  extremities 
with  a  shallower  space  between ;  the  anterior  lobe  is  narrow  with 
lateral  tubercles,  middle  lobe  crossed  by  a  strong  keel-like 
tubercle,  posterior  lobe  having  a  somite  about  as  wide  as  the 
middle  lobe,  marked  off  at  the  front  by  a  shallow  furrow,  not 
always  distinguishable. 

Size. — Length  of  the  caudal  shield,  about  3  mm. 

Horizon  and  Locality. — Fine  grey  shales  of  Div.  1  c.^.  St. 
John.     Scarce. 

This  pygidium  is  of  considerable  interest  because  it  represents 
in  the  adult  condition  a  larval  phase  of  Agnostus.  It  is  instruc- 
tive to  compare  it  with  the  1  mm.  larval  form  of  A.  fallax  (type) 
(pi.  XV.,  fig.  86)  which  shows  a  similarly,  but  more  imperfectly 
segmented  rachis.  This  pygidium  is  the  only  one  of  the  Fallax 
section  which  is  distinctly  segmented ;  it  thus  expresses  a  con- 
dition of  that  shield  quite  common  in  the  Longifrontes,  and 
partly  for  that  reason  was  at  first  thought  to  be  the  caudal 
shield  of  A,  partitus ;  the  general  facies  however,  is  that  of  a 
Fallax. 

AONOSTUS  AcADicus  Hartt.  pi.  xv.,  figs.  10a  and  h. 

Agnostus  Acadicus  Hartt.  Acad.  Geol.  2d  ed.  p.  665.  fig.  229, 
XJ.  S.  Geol.  Surv.  Bull.  10  p.  22,  pi.  ii.,  figs.  2a,  6  and  c.  Trans. 
Roy.  Soc.  Can.  vol.  iii.,  p.  70,  pi.  vii ,  figs.  5a  and  b. 

Head  minute,  transversely  elliptical,  or  subcircular,  breadth 
and  length  about  equal,  convex  but  very  depressed,  outlines  in 
front  and  on  the  sides  slightly  straightened.  A  narrow,  flat- 
tened and  but  very  slightly  elevated  border  goes  round  the 
front  and  lateral  margins.  This  is  separated  from  the  rest  of 
the  shield  by  a  narrow,  shallow,  flat  space,  or  groove,  which  on 
going  posteriorly  along  the  lateral  margins  loses  gradually  in 
width  towards  the  posterior  angles  of  the  shield,  which  are 
rounded.  Glabella  a  little  less  than  two-thirds  of  the  length  of 
the  shield,  long  elliptical,  depressed  convex,  but  more  elevated 
than  other  parts  of  the  shield,  about  twice  as  long  as  broad, 
bounded  anteriorl3'^  and  laterally  by  a  sharp  but  rather  deep 
groove  concentric  to  the  outer  one  above  described.  A  well 
marked  transverse  furrow  arching  backward  separates  the  an- 
terior third  of  the  glabella  as  a  subcircular  lobe.  Posterior  part 
of  the  glabella  rounded,  but  impressed  on  each  side  by  a  little 
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lobe  situated  in  the  angle  between  the  cheek  lobe  and  the  gla- 
bella. These  little  lobes  [basal  lobes]  are  about  one-quarter  of 
the  size  of  the  anterior  glabellar  lobe  ;  cheeks  of  the  same  width 
throughout,  and  uniting  in  front  of  the  glabella,  being  bounded 
by  the  two  concentric  grooves  above  mentioned.  Posteriorly 
they  are  rounded  ;  in  width  they  are  rather  greater  than  the  gla- 
bella. They  are  convex,  more  elevated  along  their  inner  mar- 
gin, but  sloping  outward  roundly  and  evenly.  Glabella  with  its 
lobes  project  considerably  beyond  the  posterior  margin.  Sur- 
face smooth. 

^'  Pygidium  of  this  species  (?)  of  about  the  same  outline  as 
the  cephalic  shield.  The  posterior  and  lateral  margins  have 
a  slight,  raised  border,  separated  from  the  lateral  lobes  by  a 
shallow  but  well  marked  groove,  running  parallel  to  the  margin. 
This  groove  widens  at  the  point  where  it  bends  to  go  forward 
along  the  sides  in  such  a  way  as  to  encroach  on  and  thin  out  the 
marginal  fold,  and  just  before  reaching  the  anterior  margin  it 
narrows  itself  from  the  inner  side,  so  as  to  cause  the  lateral 
lobes  to  widen  somewhat  anteriorly.  These  are  narrow,  flat- 
tened, about  half  as  wide  as  the  middle  lobe,  narrowing  to  a 
point  just  behind  the  middle  lobe,  where  they  do  not  unite.  The 
medial  lobe  is  about  five-sixths  of  the  length  of  the  pygidium, 
shield-shaped,  flattened,  convex,  more  elevated  than  the  lateral 
lobe.  Its  anterior  border  is  slightly  concave  in  the  middle. 
The  lateral  angles  are  rounded,  and  the  lobe  is  contracted  a 
little  anteriorly.  It  is  bounded  by  two  deep  and  well  marked 
furrows,  which  join  one  another  in  the  middle  of  the  marginal 
furrow,  forming  a  pointed  arch ;  median  lobe  projecting  farther 
forward  than  the  lateral  ones.  A  little  spine  is  situated  on  its 
mesial  line ;  about  one-fourth  of  its  length  from  its  front,  surface 
smooth." 

Mr.  Walcott  remarks :  '* After  a  careful  study  of  all  the  speci- 
mens in  the  collection,  fifteen  in  number  (Hartt*s  collection  at 
Cornell  University),  I  am  unable  to  make  out  sufficient  differ- 
ence between  the  form  described  as  A,  Acadius  and  that  given 
as  A.  similis,  to  establish  two  species.  There  is  a  certain  I'ange 
of  variation  in  the  specimens,  as  pointed  out  by  Mr.  Hartt,  but 
that  is  so  variable  and  owes  its  origin  so  largely  to  the  con- 
ditions of  preservation  of  the  various  specimens  that  it  is  not 
evident  that  the  two  species  are  typified." 

After  examining  much  larger  collections  'of  the  Agnosti  of 
Div.  1  c  (the  horizon  of  the  St.  John  group  Arom  which  Prof. 
Hartt 's  collections  came),  than  Walcott  had  under  review,  I  am 
not  altogether  satisfied  with  the  the  above  determination,  though 
it  appears  to  be  the  best  solution  as  to  the  use  of  Hartt ^s  names. 
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It  appears  strange  that  while  A.fallax  and  its  varieties  are  by 
far  the  most  common  Agnosti  of  that  horizon,  Hartt  shoald  de- 
scribe only  spineless  pygidia ;  these  I  find  comparatively  rare  at 
this  horizon,  thoagh  they  become  plentiful  in  Div.  1  d  (whose 
fauna  Hartt  did  not  have;.  And  then  the  description  of  A, 
similis  more  nearly  accords  with  that  of  A,  fallax  than  does 
that  of  A,  Acadicus. 

Size. — Length  of  each  shield,  5  mm.;  width,  5^  mm. 

Horizon  and  Locality. — Grey  shales  of  Div.  1  e  at  St.  John, 
Radcliff's  stream,  etc. 

Var.  DBCLivis.  pi.  xv.,  figs,  lla  to  d. 

Agno8tu8  Acadicus  var.  declivis,  Trans.  Roy.  Soc,  Can.  vol. 
iii.,  p.  70,  pi.  viii.,  figs  6a  and  b. 

This  form  is  closely  allied  to  A.  Acadicus,  but  presents  the 
following  differences :  It  has  a  narrower  border  foid  and  smaller 
basal  lobes,  the  glabella  has  proportionately  a  longer  anterior 
lobe,  and  the  furrow  dividing  it  from  the  posterior  lobe  is  di- 
rectly transverse ;  the  posterior  lobe  is  strongly  elevated,  al- 
most tumid  behind,  and  bears  a  small  round  tubercle  at  the 
middle  of  its  length ;  in  front  of  the  tubercle  the  lobe  slopes 
down  rapidly  to  the  cross-furrow. 

Differences  of  equal  import  are  found  to  exist  between  the 
pygidia  of  the  two  forms.  In  var.  declivis  the  rachis  is  cylindro- 
conical,  and  there  are  three  minute  lobes  on  each  margin  near 
the  anterior  end ;  in  A.  Acadicus  the  rachis  is  more  triangular 
in  form,  and  both  the  head  and  tail  shields  are  found  of  a  larger 
size  than  those  of  the  variety.  The  marginal  fold  is  not  quite 
even,  but  is  interrupted  not  quite  half-way  to  the  back  of  the 
shield  by  a  small,  inconspicuous,  knob-like  spine.  A  pair  of  fur- 
rows just  in  front  of  the  tubercle  on  the  glabella,  and  snother 
pair  a  little  behind  it,  both  directed  slightlj^  backward,  slightly 
indent  the  sides  of  the  glabella. 

The  thorax,  of  two  joints,  has  three  lobes  on  the  axis  of  each 
joint,  the  mid-lobe  being  wider,  and  the  side  lobes  lower  on  the 
posterior  than  on  the  anterior  joint ;  the  pleura  have  furrows  di- 
rected forward ;  that  on  the  hinder  joint  is  placed  on  the  front 
and  that  on  the  interior  joint  on  the  back  of  the  pleura. 

This  variety  has  the  head  of  a  Fallax  with  the  tail  of  a  Brevi- 
frons  (e,  g,.  A,  parmfrons  Linrs.). 

Development  of  the  young. — Head  shield  of  |  mm.  long  has 
no  visible  basal  lobes,  but  otherwise  does  not  differ  much  from 
the  adult.  In  a  head  1^  mm.  long  these  lobes  become  visi- 
ble, but  are  very  narrow  and  are  confluent  with  the  posterior 
marginal  fold. 
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The  pygidium  is  more  remarkable.  One  of  |  mm.  has  an  oval 
form;  the  anterior  margin  is  straight  and  without  fold,  mar« 
ginal  fold  around  the  rest  of  the  shield  widening  backward. 
Rachis  oblanceolatCL,  trilobed  by  faintly  impressed  furrows, 
front  lobe  narrow,  middle  lobe  wide  but  not  tuberculate,  side 
lobes  with  two  transverse  furrows,  the  posterior  about  one-third 
from  the  front. 

In  this  individual  I  conjecture  that  the  anterior  of  the  two 
furrows  on  the  side  lobes,  will  become  the  anterior  marginal  fiir- 
row  of  the  pygidium,  and  the  posterior  a  first  furrow  on  the 
side  lobe;  the  pygidium  would  then  agree  with  a  similar  stage  of 
Microdiscus  as  regards  these  lobes,  but  not  as  regards  the  rachis. 

This  minute  pygidium  shows  a  simpler  structure  than  the 
adult,  which,  notwithstanding  that  the  rachis  is  not  segmented, 
is  sometimes  so  preserved  as  to  show  the  number  of  somites  in 
the  rachis.  Thus  the  adult  caudal  shield  (see  pi.  xv.,  fig.  lid) 
is  sometimes  well  enough  preserved  to  show  on  the  cast  of  the 
inner  surface  a  row  of  minute  tubercles  on  each  side  of  the 
rachis  (five  in  number)  and  two  on  the  axial  line ;  the  lateral 
tubercles  are  placed  on  the  line  between  the  somites,  and  each 
of  the  axial  tubercles  in  the  middle  of  a  somite ;  it  thus  appears 
that  the  somites  are  in  pairs,  one  with  and  the  other  without  an 
axial  tubercle.  The  first  and  second  somites  correspond  to  the 
first  and  second  lobes  of  a  Longifront  pygidium,  and  the  re- 
mainder of  the  axis  to  the  third  lobe  in  the  pygidium  of  an  in- 
dividual of  that  section  of  Agnostus.  Also  we  observe  that 
while  in  the  first  larval  stage  there  are  only  three  somites  recog- 
nizable in  the  pygidium,  the  adult  caudal  shield  has  six. 

Agnostus  declivis  may  be  compared  with  the  later  A,  secretus 
Wale,  of  the  Prospect  Mountain  group,  which  it  resembles  in 
general  form  as  well  as  in  having  the  glabella  tumid  behind. 
Neither  this  variety  nor  the  type  of  A.  Acadicus  appears  to 
have  any  very  near  allies  among  the  species  of  the  Paradoxides 
beds  of  Sweden,  known  to  the  author. 

Size — Length,  about  7  mm.  Width,  3  mm.  Cephalic  shield 
8x3  mm. 

Horizon  and  Locality. — Abundant  in  the  fine,  dark  shales  of 
Div.  I  d^  at  Porter's  Brook,  St.  Martin's. 

Agnostus  parvifrons  Linnarsson. 

Agnostus  parvifrons  Linrs.  Om.  Yestergotland  Cambr.  o. 
Silur.  aflagr.,  p.  82,  tafl.  2,  fig.  56,  57. 

Agnostus  parvifrons  Tullb.  Om.  Agnostus-arterna,  p.  34, 
tafi.  ii.,  figs.  26,  27,  28. 
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Test  smooth.  Head-shield  enclosed  by  a  marginal  fold  that 
is  broader  in  front.  Glabella  small,  round,  not  lobed.  Basal 
lobes  small.  Cheeks  expanded,  connected  in  front  of  the  gla- 
bella; pygidium  without  spines;  marginal  fold  wider  behind; 
rachis  long,  almost  reaching  the  border ;  lobes  sometimes  obso- 
lete, sometimes  apparent;  middle  joint  ornamented  with  an 
elevated  point;  lateral  lobes  narrowed  behind,  scarcely  con- 
tiguous. 

Size. — Length  and  breadth  of  each  shield,  3^4^  mm. 

Horizon  and  Locality. — Dark  gray  shales  of  Div.  Id^  at 
Porter's  Brook,  St.  Martin's,  etc. 

Mr.  C.  D.  Walcott  has  described  a  species  of  Agnostua  of  the 
parvi/rons  type  found  in  the  Lower  Cambrian  rocks  of  Wash- 
ington County,  N.  Y.  Being  claimed  as  a  Lower  Cambrian  (i. 
e.,  Olenellus  Zobe)  fossil,  it  is  not  figured  here.  The  glabella  is 
longer  than  in  A.  parvi/rons.  It  may  be  remarked,  however, 
that  this  type  of  Agno8tu8  is  not  found  elsewhere  lower  down 
than  the  P.  Ahenacus  (^teasini)  sub-zone. 

A  common  variety  in  Canada  is  the  following : 

Yar  TESSELLA.  pi.  xvi.,  figs,  a  to  c. 

Agnostua  tessella.  Trans.  Roy.  Soc.  Can.  vol.  iii.,  pt.  iv.,  p. 
71,  pi.  vii.,  figs.  7  a  to  c. 

This  is  a  transitional  form  to  the  Limbati  (Fallaces).  It  dif- 
fers from  the  type  in  having  an  anterior  lobe  to  the  glabella 
faintly  defined ;  this  has  no  furrow  like  the  posterior  lobe,  but 
is  marked  out  by  a  faint  thread-like  line  on  the  surface  of  the 
test.  The  posterior  lobe  is  intermediate  in  length  between  the 
two  glabellas  of  A.  parmfrona  figured  by  Tullberg,  but  rect- 
angular in  front.  The  pygidium  is  similar  to  fig.  276  of  Tull- 
berg's  plate,  but  the  tubercle  is  elongated,  not  round  as  in  that 
form ;  the  rachis  is  wider,  and  its  middle  lobe  proportionately 
shorter.  The  marginal  fold  does  not  have  so  great  a  width  be- 
hind. 

Size. — Length  and  width  of  the  shields  each  3  mm. 

Horizon  and  Locality. — Same  as  the  preceding. 

Development  of  the  Young. — A  head  shield  ^  mm.  long  is  nar- 
row, marginal  fold  and  furrow  distinct.  Glabella  long,  front  fur- 
row distinct,  two  others  faintly  marked  by  depressions  crossing 
the  glabella ;  basal  lobes  very  narrow,  scarcely  visible.* 

A  head  1^  mm.  has  nearly  the  form  of  the  adult,  slight  fur- 
rows at  the  anterior  corners  of  the  glabella  as  in  A.  fiaaua  var. 

*Thi8  is  In  accordance  with  the  changes  of  this  lobe  in  the  Ptychoparidee  in  which 
during  the  first  larral  satges  this  somite  is  very  narrow  and  weak. 
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trifisBUB.    A  head  3^  mm.  shows  three  fore-furrows  of  the  gla- 
bella as  A,  trifisBUB^  but  no  axial  furrow  of  the  glabella. 

A  p3'gidium  ^  mm.  long,  is  wide,  subquadrate,  marginal  fur- 
row distinct,  not  widened ;  fold  widened,  cuspidate,  rachis  promi- 
nent, front  lobe  divided  off  by  a  shallow  ftirrow,  second  lobe  de- 
fined only  by  the  axial  tubercle,  third  lobe  not  defined,  weak, 
rapidly  descending  below  the  cheek  lobes,  which  are  wide  be- 
hind the  rachis.  A  pygidium  1^  mm.  long,  is  quadrate ;  the 
third  lobe  from  the  front  is  defined,  but  the  little  tubercle  is  ab- 
sent.    Another  common  variety  is  the  following  : 

Yar.  TRUNCATUS  n.  var.  ? 

?  AgnoBtuB  truncatuB  Brogg.  Om.  Paradoxides  skifrene  ved 
Krekling,  p.  72,  tab.  vi.,  fig.  8. 

Br5gger's  figure,  except  that  it  is  somewhat  more  quadrate 
and  larger,  is  not  distinguishable  from  a  common  variety  of  A, 
parmfrariB  that  occurs  in  the  St.  John  group.  The  variety 
found  here  does  not  differ  from  var.  teBBella^  except  that  the 
front  lobe  of  the  glabella  is  entirel}*^  suppressed,  and  that  the 
individuals  are  found  of  larger  size. 

Size. — Length  and  width  of  each  shield,  4  mm. 

Horizon  and  Locality. — As  the  preceding. 

Considering  these  varying  forms,  we  are  impressed  with  the 
justice  of  TuUberg's  remark  that  this  is  a  variable  species.  In 
AgnoBtuB  AcadicuB  of  Hartt  we  may  perhaps  have  an  ancestral 
form  of  this  species ;  that  occurs  in  the  su1>zone  of  Paradoxides 
Eteminicus ;  then  in  the  sub-zone  of  P.  Abenacus  we  find  three 
other  forms,  var.  decliviB  of  A.  AcadicuB^  in  which  the  front  lobe 
begins  to  be  depressed,  var.  teBBella  of  A.  parvifroriB,  in  which 
the  front  lobe  is  traced  out  on  the  surface  of  the  head-shield  only 
by  an  impressed  line,  and  not  by  furrows,  and  var.  truncatuB,  in 
which  the  Aront  lobe  entirely  disappears ;  finally,  one  may  add 
the  typical  form  of  A.  parvi/roriB,  in  which  any  suggestion  of 
an  anterior  lobe  is  removed  by  the  rounding  of  the  front  of  the 
glabella.  It  will  be  noted  that  there  is  a  resemblance  in  the 
pygidia  of  all  these  forms,  and  that  A,  AcadicuB  differs  from 
the  typical  Fallaces  in  the  absence  of  marginal  spines  to  the 
pygidium,  a  feature  which  it  possesses  in  common  with  all 
parvifronteB. 

AoNOSTUS  UMBO,  pi.  xvi.,  figs.  4a  and  b. 

AgnoBtuB  umbo.  Trans.  Roy.  Soc.  Can.  vol.  iii.,  pt.  iv.,  p. 
71,  pi.  vii.,  figs.  8a  and  6. 

Body  elliptical,  broader  in  front  than  behind,  high  at  the  inner 
side  of  the  head  and  tail  shields,  descending  thence  to  the  front 
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and  back.  Cephalic  shield  broadly-transversely  elliptical,  high 
and  contracted  behind,  sloping  from  the  glabella  in  all  direc- 
tions. Marginal  fold  and  furrow  strongly  marked.  Dorsal  fur- 
row deep.  Glabella  suborbicular,  rounded  in  front  and  behind, 
bearing  a  small  tubercle  on  the  axial  line,  one-third  from  the 
fVont ;  the  width  of  the  glabella  is  more  than  a  third  of  that  of 
the  shield,  and  its  length  nearly  half.  The  thorax  is  unknown. 
The  pygidium  is  semi-elliptical,  with  rounded  anterior  corners  ; 
the  width  is  nearly  a  quarter  greater  than  the  length.  Both 
dorsal  and  marginal  furrows  are  deeply  impressed.  The  rachis 
is  conical  and  is  greatly  elevated  above  the  rest  of  the  shield  ;  it 
is  slightly  constricted  near  the  anterior  end,  and  about  one-third 
from  the  front  bears  a  small  tubercle.  The  lateral  lobes  of  the 
pygidium  are  rounded  in  at  the  anterior  end  by  the  rapid  curve 
of  the  marginal  furro^^r ;  and  at  the  posterior  end  are  gradually 
narrowed  and  are  separated  at  that  end  by  a  furrow  which  con- 
nects the  dorsal  and  marginal  furrows.  The  marginal  fold  is 
rather  wide  at  the  extremity  of  the  pygidium,  and  is  rounded 
at  the  anterior  comers. 

This  species  is  distinguished  from  A.  tessella  by  the  entire  ab- 
sence of  the  anterior  lobe  of  the  glabella,  and  by  the  round  and 
prominent  posterior  lobe,  having  a  small  tubercle  in  advance  of 
the  middle  of  the  lobe.  The  pygidium  has  a  shorter,  higher 
and  more  conical  rachis,  and  the  tubercle  on  it  is  round,  not 
elongated  as  in  J.  tessella. 

The  head  shield  of  A.  parvi/rons  var.  mammillata  Brogg  re- 
sembles that  of  this  species,  but  is  longer ;  the  rachis  also  of 
the  pygidium  i6  more  cylindrical  and  its  tubercle  further  back 
in  Broggers'  variety. 

Size. — Length,  6  mm.  ?  width,  3  mm. 

Horizon  and  Locality. — In  the  fine  dark  shales  of  Div.  1  (2^, 
Porter's  Brook,  St.  Martin's.  First  collected  by  Dr.  L.  W. 
Bailey. 

The  following  species  are  classed  as  Z/on^fi/ron^e*,  although, 
from  the  absence  of  axial  furrows,  the  one  which  is  here  first 
described  might  seem  to  be  not  properly  placed  there ;  but  the 
thin,  flexible  test,  the  large  basal  lobes  and  the  attenuated  and 
segmented  rachis  seem  to  point  to  this  as  the  proper  place  for 
Agnostus  obtusilohus,  the  largest  species  found  in  the  St.  John 
group. 

AONOSTUS   OBTUSILOBUS,  pi.  XVi.,  fig.  5. 

Agno8tu8  obtusilohua.  Trans.  Roy.  Soc.  Can.,  vol.  iii.,  pt.  iv., 
p.  72,  pi.  vii.,  fig.  9. 

Amended    Description. — Body    elliptical    oblong.     Cephalic 
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shield  semi-elliptical,  about  one-quarter  wider  than  long.  Dorsal 
furrow  faintly  impressed.  Marginal  fold  and  furrow  strongly 
marked.  Glabella  elliptical-elongate,  wider  behind,  rounded  in 
front,  in  its  widest  part  nearly  a  third  of  the  width  of  the 
shield ;  narrowed  at  the  base  by  two  triangular  lobes ;  a  semi- 
elliptical  lobe  at  the  anterior  «nd  more  than  one-third  of  the 
length  of  the  glabella.  Occipital  ring  and  posterior  marginal 
fold  narrow.  Cheeks  continuous  in  front  of  the  glabella.  Thorax 
of  two  segments ;  the  anterior  segment  has  five  lobes,  of  which 
the  outer  pair  are  globose  and  the  inner  pair  subtriangular  and 
widest  in  front ;  the  center  lobe  is  semi-circular,  broad  behind, 
and  bears  an  elongate  traverse  tubercle  in  the  middle.  The 
posterior  segment  has  three  lobes,  of  which  each  of  the  two 
lateral  ones  is  globose,  and  bears  minute  tubercles ;  the  central 
lobe  is  subrectangular  elongate,  and  the  middle  half  is  traversed 
by  an  arched  furrow,  which  begins  and  terminates  on  the  pos- 
terior margin  of  the  segment.  The  pygidinm  is  semi-elliptical, 
about  one-sixth  wider  than  long,  and  has  the  anterior  margin 
arched  forward.  The  marginal  fold  and  furrow  are  about  as 
distinct  as  those  of  the  head  shield.  The  rachis  is  oblanceolate, 
constricted  in  the  middle,  clavate,  and  pointed  behind,  about 
one-third  longer  than  wide;  it  is  traversed  by  two  furrows,  of 
which  the  one  near  the  anterior  end  arches  forward,  and  the 
other,  near  the  middle  of  the  rachis,  arches  backward.  At  the 
broadest  part  of  the  axial  lobe  there  is  transverse  depression. 
The  first  segment  of  the  rachis  is  narrow  and  elevated  trans- 
versely ;  the  second  segment  is  elevated  lengthwise,  having  an 
elongated  tubercle  at  the  axial  line  that  projects  backward  on 
the  third  segment;  the  third  segment  is  triangular  and  depressed 
across  the  middle,  and  bears  a  small  axial  tubercle  on  the  an- 
terior third. 

Sculpture. — The  surface  of  the  test  in  this  species  has  a  vel- 
vety appearance,  and  under  the  lens  is  seen  to  be  covered  with 
minute  granulations,  the  surface  also  is  rugulose  or  uneven,  and 
the  test  thin  and  more  apt  to  be  distorted  than  those  of  the  two 
preceding  species.  The  parts  of  the  body  in  this  and  the  follow-  ' 
ing  Longifrontes  are  more  frequently  found  connected  than  are 
those  of  the  preceding  species ;  and  while  in  the  species  above 
described  the  two  shields  are  often  found  doubled  together,  in 
this  and  the  following  species  they  are  frequently  spread  at 
length.  This  species  resembles  A,  scarabeoides  of  the  Welsh 
Cambrian  rocks,  but  has  a  narrower  glabella  with  a  more  obtuse 
front. 

Length,  11  mm.    Width,  6  mm. 

Horizon  and   Locality. — In  the  fine  dark  grey  shales  of  Div. 
1  d^,  at  Porter's  Brook,  St.  Martin's.     Infrequent. 
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The  pygidiura  of  this  species  may  be  distinguished  from  that 
of  A.  acutilobus  in  the  fact  that  the  tubercle  of  the  second  joint 
encroaches  so  decidedly  on  the  third  joint  as  to  make  a  strong 
sinus  in  the  dividing  furrow ;  also  it  may  be  distinguished  by 
the  proportionately  shorter  third  joint  of  the  pygidium.  This 
species  appears  to  have  no  lateral  spines  to  the  p3'gidium. 

AONOSTUS  Davidis,  Hicks.  Plate  xvi.,  fig.  6. 

Agnostus  Davidis,  Hicks.  Undescribed  fossils  of  the  Mene- 
vian  group.  Jour.  Geol.  Soc.  London,  1872,  p.  178,  pi.  v.,  figs. 
2  to  4. 

A  large  pygidium,  about  the  size  of  that  of  Hicks'  species 
above  named,  occurs  at  Manuel  Brook.  It  is  flattened  in  the 
shale  and  so  its  contour  is  not  known.  Dr.  Hicks'  examples  ap- 
pear to  have  been  distorted  by  pressure ;  allowing  for  this  our 
example  agrees  fairly  well  with  the  pygidia  he  figures  ;  his  de- 
scription of  the  species  is  as  follows  : 

"  Head  rounded  and  forming  about  two-thirds  of  a  circle,  and 
about  f  of  an  inch  long,  surrounded  by  a  narrow  border.  The 
glabella  occupies  about  one-third  of  the  width,  and  tapers  for. 
ward.  It  is  divided  at  the  base  of  the  anterior  third,  by  a  trans 
verse  furrow,  into  an  anterior  spheroidal  lobe  and  a  posterior- 
elongated  lobe,  the  anterior  part  of  which  is  raised  centrally  ; 
there  is  a  triangular  lobe  on  eitiher  side  at  the  base  of  the  gla- 
bella.    Cheeks  slightly  raised  and  gibbous. 

Thorax  depressed,  strongly  trilobed  ;  pleurae  grooved  deeply 
to  the  tips.  Axis  trilobed,  the  central  lobe  being  largest  and 
pyramidal  in  shape.  The  two  lateral  lobes  triangular  in  shape. 
*  Tail  of  the  same  shape  as  the  head,  but  more  strongly  mar- 
gined. The  axis  is  large  and  occupies  more  than  a  third  of  the 
width,  reaches  backwards  to  within  a  short  space  of  the  poste- 
rior  margin  and  is  indented  by  three  furrows  on  each  side,  each 
•  running  obliquely  backwards  from  the  centre,  which  is  somewhat 
raised. 

This  is  the  largest  species  found  in  the  Menevian  group. 
Found  at  St.  David's  and  near  Dolgelly,  North  Wales." 

In  the  American  examples  I  cannot  recognize  the  third  fur- 
row of  the  axis  of  the  pygidium  mentioned  and  figured  by  Dr. 
Hicks,  and  on  the  other  hand  he  does  not  describe  a  low  tubercle 
which  is  found  on  the  second  lobe  of  the  pygidium  in  this 
American  form. 

Sculpture.     The  axis  and  side  lobes  are  covered  with  minute 


TRAN8 ACTIONS  N.  Y.  AcAD.  Sci.,  Vol.  XV.,  Slg.  15,  September  6, 1896. 


Digitized  by  VjOOQIC 


226  TRANSACTIONS  OF  THE  [MAT  18, 

tubercles,  only  visible  with  a  lens.  Size  of  this  caudal  shield, 
length  and  breadth  each  9  mm. 

Horizon  and  Locality.  Orey  shales  of  the  P.  Davidia  Zone  at 
Manuel  Brook,  Conception  Bay,  Newfoundland. 

This  species  is  distinguished  from  A.  scarabeoides^  Hicks,  by 
the  absence  of  visible  tubercles  on  the  surface  of  the  test. 

Agnostus  gibbus,  Linnarsson. 

AgnostuB  gibbua,  Linrs.  Om  Yestergot.  Cambr.  Silnr.  Afiagr. 
p.  81,  tab.  ii.,  figs.  52,  53. 

Agnostus  gibbus,  Broegg.  Om  Paradox,  lagr.  v.  Erekling,  tab. 
vi.,fig.  11. 

Agnostus  gibbus,  Linrs.  Om  faun,  i  Ealk.  m.  Conocoryphe  ex- 
sulens,  p.  22,  tafl.  ii.  figs.  31,32. 

Agnostus  gibbus,  Tullb.  Om  Agnostus-arterna,  p.  15,  tafl.  i., 
fig.  2,  a  and  b. 

The  following  is  the  diagnosis  of  this  species :  *'  Test  smooth. 
Head  surrounded  by  a  narrow  subfiliform  border.  Glabella  2- 
lobed,  anterior  lobe  rounded-subtriangular,  equalling  the  poste- 
rior lobe  in  width,  posterior  lobe  elevated  into  a  tubercle,  often 
very  tumid,  in  the  anterior  part  of  which  tubercle  an  elevated 
point  can  sometimes  be  seen.  Basal  lobes  small,  entire,  rounded 
triangular,  connecting  behind  the  above  tubercle  by  a  narrow 
rim.  Cheeks  without  lateral  grooves,  separated  in  front  of  the 
glabella  by  an  impressed  line.  Pygidium  rounded,  without 
spines,  and  having  a  narrow  border  fold.  Rachis  3-jointed,  the 
anterior  joint  divided  into  three  parts  by  two  longitudinal  de- 
pressions, of  which  the  middle  is  the  smallest ;  the  middle  joint 
narrower  than  the  others,  but  much  higher,  produced  backward 
into  a  rather  long,  free  denticle  which  almost  always  is  broken  off; 
the  posterior  lobe  large,  convex,  rounded-acuminate  behind.  Lat- 
eral lobes  narrowed  behind,  separated  by  an  impressed  line." 

Horizon  and  Locality. — Grey  shale  of  Div.  I  c.  ^.  St.  John, 
N.B.  Canada.     Scarce. 

Size. — Length  and  width  of  the  shields,  5  mm. 

Tullberg  says  the  name  is  derived  from  the  projecting  spine 
on  the  rachis  of  pygidium,  "  directed  backward  and  upward" 
[but  the  back  of  the  glabella  is  said  to  be  very  tumid  Q^  tumi- 
dissimum")]. 

The  varieties  and  forms  included  under  this  species  by  Swedish 
geologists  allow  one  to  consider  it  a  flexible  species,  liable  to 
considerable  change  of  form.  It  is  thus  capable  of  including 
two  forms  which,  we  have  described  in  the  Transactions  of  the 
Royal  Society  of  Canada  as  separate  species ;  there  is  the  more 
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reason  for  this  since  we  have  discovered  that  the  pygidium  re- 
ferred provisionally  to  one  of  these  forms  (A.  partitus)  is  of  a 
difierent  type  from  the  usual  pygidium  of  a  Longifrontes,  and 
therefore  should  be  referred  elsewhere;  we  have  consequently 
included  under  this  species,  A,  partitus  and  A,  acutilobus, 

Var.  PARTITUS.     Plate  xvi.,  fig.  7. 

Agno8tu8  partitus.  Trans.  Roy.  Soc.  Can.,  vol.  iii.,  pt.  iv.,  p. 
68,  pi.  viii.,  fig.  2a  (not  2b). 

Cephalic  shield  elongate  semi-elliptical.  Dorsal  furrow  dis- 
tinctly impressed ;  marginal  fold  sharp  and  narrow.  Glabella 
cylindro-conical,  obtusely  pointed  in  front,  expanded  at  the 
base ;  anterior  lobe  obtusely  pointed,  less  than  a  third  of  the 
glabella's  whole  length  ;  posterior  lobe  strongly  elevated  and 
obtusely  pointed  behind ;  basal  lobes  triangular,  depressed  to 
the  level  of  the  cheeks.  Cheeks  somewhat  narrower  in  front 
than  at  the  sides ;  divided  in  front  by  a  distinct  furrow  that  con- 
nects the  dorsal  and  marginal  furrows. 

The  heads  of  this  variety  are  hardly  distinguishable  in  form 
from  the  next,  but  they  are  all  small,  and  it  is  found  with  an 
older  subfauna ;  it  is  therefore  kept  separate.  The  pygidium  is 
unknown. 

Size. — Length  and  width  of  the  head  shield  2^  mm. 

Horizon  and  Locality. — The  grey  shales  of  Div.  1  c,  ^ ,  at 
Porter's  Brook  and  Hanford  Brook,  St.  Martins,  N.  B.,  Canada. 
Infrequent. 

Var.  ACUTILOBUS.     Plate  xvi.,  fig.  8. 

Agnostus  acutilobus^  Trans.  Roy.  Soc.  Can.,  vol.  iii.,  pt.  iv.,  p. 
13,  pi.  vii.,  fig.  10. 

Body  elliptical  elongate.  Cephalic  shield  semi-elliptical, 
somewhat  longer  than  wide.  Dorsal  furrow  lightly  impressed. 
Marginal  furrow  and  fold  sharply  defined.  Glabella  subconical, 
widest  behind,  obtusely  pointed  in  front;  at  the  widest  part  of 
the  posterior  lobe  it  is  one-third  of  the  width  of  the  head  shield, 
and  its  length  is  about  three-fourths  of  that  of  the  head  shield ; 
the  glabella  is  divided  into  four  lobes,  of  which  the  anterior  is 
one-third  of  its  length  and  is  subtriangular ;  the  posterior  lobe 
extends  to  the  base  of  the  shield.  It  bears  an  elongated  ridge 
on  the  anterior  half,  where  it  is  higher  than  it  is  behind  ;  two 
faintly  marked  lateral  furrows  are  just  discernible  on  the  lateral 
edges  of  this  lobe.  The  two  basal  lobes  of  the  glabella  are  com- 
paratively large ;  they  are  divided  from  the  rest  of  the  glabella 
by  a  sigmoid  furrow,  and  are  depressed  below  the  level  of  the 
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glabella.  The  occipital  ring  is  narrow,  and  is  concealed  beneath 
the  projecting  posterior  extremity  of  the  glabella.  The  cheeks 
are  somewhat  fall,  especially  in  front,  and  are  divided  by  a  far- 
row that  connects  the  dorsal  and  marginal  furrows,  and  each 
cheek  is  seamed  across  by  a  fainter  farrow. 

The  thorax  consists  of  two  segments,  of  which  the  first  bears 
five  lobes;  the  two  outer  pairs  of  these  lobes  are  globose,  and 
the  central  one  is  semicircular  and  is  crossed  in  the  middle  by  a 
light  farrow  transverse  to  the  axis  of  the  thorax.  The  second 
segment  of  the  thorax  has  three  lobes,  of  which  the  two  outer 
are  somewhat  elongate,  and  each  is  marked  by  a  light  furrow ; 
the  central  lobe  is  subrectangular,  and  is  traversed  by  a  fur- 
row angulated  on  each  side  of  the  axis  of  the  thorax,  and  begin- 
ning and  terminating  on  the  posterior  side  of  the  lobe. 

The  pygidium  is  subelliptical,  and  its  width  and  length  are 
about  equal.  The  marginal  fold  and  furrow  are  about  as  distinct 
as  those  of  the  head  shield.  The  rachis  is  oblanceolate,  nearly 
half  as  wide  as  the  pygidium,  and  its  length  is  about  four-fifths 
of  that  of  the  pygidium ;  it  is  narrowed  in  the  anterior  third,  and 
is  crossed  in  that  part  by  two  transverse  furrows  similar  in  ap- 
pearance and  direction  to  those  of  the  preceding  variety.  The 
included  lobe  bears  an  elongated  tubercle  ;  the  posterior  lobe  of 
the  rachis  is  conical.  The  lateral  lobes  of  the  pygidium  are 
moderately  elevated  and  meet  behind  the  rachis. 

Sculpture. — This  variety  appears  to  be  smooth  externally,  but 
sometimes  shows  a  granulated  inner  surface  to  the  test;  by  its 
smoothness  it  is  distinguished  from  the  other  Longifrontes  that 
occur  with  it. 

Size. — Length,  13  mm.     Width,  5  mm. 

Horizon  and  Locality. — Frequent  in  the  fine  dark  shales  ot 
Div.  1  rf,  1.     At  Porter's  Brook,  St.  Martin's,  N.  B. 

This  variety  differs  from  the  t^^pe  of  A.  gibbus  in  its  narrower 
rachis  and  the  peculiar  second  lobe  of  the  pygidium.  It  is  the 
most  widely  diffused  of  the  Longifrontes  in  the  St.  John  group. 

?  Var. 

A  few  pygidia  which  by  their  general  form,  and  in  the  lobation 
and  contour  of  the  rachis,  appear  to  be  of  this  species  are  found 
with  the  above  form,  but  they  are  spined  on  the  margins.  We 
do  not  know  the  head  shield. 

Dr.  Henry  Hicks'  description  of  A.  scutalis  of  the  Menevian 
group  in  Wales  agrees  closely  with  that  of  A.  gibbus,  except 
that  the  cheeks  of  the  head-shields,  and  the  side  lobes  of  the 
caudal  shield  are  said  to  be  covered  with  tubercles.    This  ex- 
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eludes  Hicks'  species  f^om  A.  gibbus^hixt  not  from  A,  punctuosus 
which  is  thus  ornamented ;  the  latter  species,  however,  has  con- 
fluent side-lobes  to  the  caudal  shield,  while  in  A,  scutalis  these 
lobes  are  divided  by  a  furrow.  A,  Nathorsti  is  another  species  that 
is  tuberculate  on  the  sides,  and  is  also  nearer  the  size  of  A.  acuta- 
lis^  but  this  species  has  the  sides  of  the  posterior  lobe  of  the 
glabella  furrowed,  and  has  marginal  spines  to  the  pygidium, 
characters  which  are  absent  from  A.  8cutali8 ;  so  we  find  our- 
selves unable  to  recognize  Hicks'  species  in  the  P,  Davidia  sub- 
fauna  of  America."^ 

Agnostus  Nathorsti,  Broegger. 

Agnostus  Nathorsti,  Broegg.  Om  Paradoxides  skifrene  red 
Erekling,  p.  68,  pi.  v.,  fig.  1. 

Agnostus  exsculptus,  Ang.  part  (i.  e.,  "  pygidium  ")  Palseon- 
tologia  Scandinavtca,  p.  7,  pi.  vi.,  fig.  8  (Fide  Tullberg). 

Agnostus  Nathorsti,  Tullberg.  Agnostus  Arterna  vid.  Andra- 
rum,  p.  21,  pi.  i.,  fig.  9. 

**  Head*  rounded,  enclosed  by  a  subfiliform  narrow  marginal 
fold.  Glabella  bllobate,  anterior  lobe  narrower  than  the  pos- 
terior, oblong,  equally  rounded-acuminate.  Posterior  lobe  almost 
equal  in  length  to  one-half  of  the  head,  impressed  by  two  deep 
grooves  on  each  side,  rounded  behind,  pressed  together  and 
high,  furnished  with  a  raised  point ;  basal  lobes  separated  from 
the  glabella  by  a  posterior  furrow,  rounded,  connected  behind 
the  glabella.  Cheeks  separated  in  front  of  the  glabella,  sculp- 
tured with  longer  or  shorter  lateral  furrows." 

*^  The  rachis  of  the  thorax  has  elliptical  lateral  tubercles. 
Pygidium  rounded  behind,  furnished  with  a  somewhat  broader 
bidenticulate  marginal  fold.  Rachis  with  three  joints,  pointed 
behind,  front  joint  shorter  than  the  others,  slightly  wider,  di- 
vided into  three  parts  by  two  longitudinal  depressions ;  the  mid- 
dle joint  keeled,  produced  backward  into  a  point.  Posterior 
joint  i*ather  long,  squeezed  in  the  middle  part  by  an  arched  de* 
pression,  ornamented  with  a  small  elevated  point  in  the  depres- 
sion. Lateral  lobes  minutely  granulated,  narrowed  behind, 
separated  behind  the  rachis." 

Size. — "'  Length  and  width  of  the  shields,  4^  mm." 

Horizon  and  Locality. — Dark  shales  of  Div.  Id^.  Porter's 
Brook,  St.  Martin's  N.  B.,  Canada,  scarce. 

Tullberg  remarks  in  his  work  cited  above,  that  the  shield  fig- 
ured by  Angelln  as  the  pygidium  of  Agnostus  exsculptus  is  really 
the  head  shield  of  this  species  (id.  Nathorsti), 

^Figures  18, 14,  pi.  v.,  referred  to  A.  scutalis  are  not  of  this  species,  but  represent  some 
species  of  the  Limbati  section  (a  Fallax). 


Digitized  by  VjOOQIC 


280  TRANSACTIONS   OF  THB  [MAY  18, 

Some  examples  from  the  St.  John  group  have  the  axis  of  the 
pygidium  long  and  a  farrow  behind,  connecting  the  dorsal  and 
marginal  furrow;  these  agree  more  nearly  with  the  European 
form.    The  following  form,  however,  is  more  plentiful. 

Var.  CONPLUENS  n.  var.  Plate  xvi.,  fig.  9,  a  and  6. 

This  form  is  found  in  the  eastern  part  of  the  St.  John  Basin. 
It  does  not  quite  agree  with  Broegger's  species,  but  differs  in  the 
following  respects: 

The  head  shield  is  less  quadrate  behind,  the  furrows  on  the 
sides  of  the  posterior  lobe  of  the  glabella  less  undulate,  the 
basal  lobes  longer.  The  pygidium  is  more  quadrate,  the  pos- 
terior margin  less  arched,  the  posterior  lobe  of  the  rachis  is 
shorter  and  wider  than  in  the  type,  and  the  side  lobes  are  not 
separated  behind  the  rachis  by  a  furrow. 

Sculpture. — The  surface  of  the  test  especially  in  the  head 
shield  is  radially  wrinkled. 

Size. — Length  and  width  of  each  shield,  about  4  mm. 

Horizon  and  Locality. — Dark  gray  shales  of  Di v.  1  d^.at  Por- 
ter's Brook,  St.  John  county,  N.  B. 

Aqnostus  fissus,  Lundgren. 

Agnostus  fissus^  Llnrs.  Om  fauna  i  Ealken  med  Conoc.  ex- 
sulens,  p.  23,  tafi.  ii.,  fig.  34. 

AgnostuB  fissus^  TuUb.  Agnostus  arterna  vid.  Andrarum,  p. 
16,  tafi.  i.,  fig.  3,  a  to  d, 

^'  Head  and  pygidium  shorter  and  wider  [than  A,  gibbus].  Test 
scarcely  smooth,  uneven,  marginal  fold  narrow.  Glabella  shorter, 
broader,  bilobed.  Anterior  lobe  no  longer  than  wide,  more  or 
less  blunt  in  front ,  cleft  in  front  by  a  very  delicate  line,  equal 
to  the  posterior  lobe  in  width ;  posterior  lobe  short  for  its  width, 
one  depression  visible  on  each  side,  reaching  its  greJEitest  height 
a  little  in  front  of  the  middle  of  this  part,  where  an  elevated 
point  can  be  seen.  Basal  lobes  small,  triangular,  scarcely  con- 
necting behind  the  glabella.  Cheeks  separated  by  an  obsolete 
furrow  in  front  of  the  forehead,  ornamented  on  each  side  by  ob- 
solete furrows." 

^^  Pygidium  short,  round,  without  spines.  Rachis  with  three 
joints,  more  acuminate  than  in  the  preceding,  all  the  joints  of 
almost  the  same  width;  lateral  parts  of  the  anterior  joint  thick- 
ened ;  middle  joints  slightly  narrower  than  the  rest,  higher, 
keeled,  ornamented  with  a  point.  In  front  of  the  middle  of  the 
posterior  joint  are  two  lateral  obsolete  depressions,  between 
which  an  elevated  point  can  be  seen.  Lateral  lobes  are  connec- 
ted behind  the  rachis." 
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Size. — "'  Length  and  width  of  the  shields,  3^  mm. 

Horizon  and  Locality. — Fine  dark  shales  of  Div.  1  d^  (the 
highest  layers)  at  Porter's  Brook,  St.  Martin's. 

The  Latin  description  contains  no  reference  to  the  thorax; 
this  is  described  in  the  next  paragraph  (Swedish).  '<  First  joint 
of  the  thorax  somewhat  smaller  than  the  second,  rachis  with 
two  tubercles  at  the  sides ;  the  pleurte  of  the  first  joint  are  di- 
Tided  into  a  larger  front  tubercle  and  a  smaller  back  tubercle  by 
a  furrow ;  the  tubercles  on  the  pleurae  of  the  posterior  joint  are 
of  about  the  same  size. 

Var.  TRiFissus  n.  var.   Plate  xvi.,  fig.  10. 

This  is  about  the  same  size  as  the  type,  and  is  distinguished 
by  two  additional  furrows  at  the  front  of  glabella,  one  at  each 
corner,  beside  the  median  furrow  that  characterizes  the  type ; 
these  furrows  cut  into  the  cheeks  in  front  of  the  glabella  ;  the 
median  furrow  is  the  longest,  but  none  connect  with  the  anterior 
marginal  furrow  (or  the  median  one,  rarely).  There  are  two 
minute  tubercles  at  the  axial  line  of  the  first  lobe  of  the  rachis 
of  the  pygidium. 

Horizon  and  Locality. — In  the  Davidis  Subzone  at  Chapel 
Arm,  Trinity  Bay,  Newfoundland.  Also  in  the  Abenacus  Sub- 
zone  (Div.  1  rfi)  at  Porter's  Brook,  St.  Martin's,  N.  B. 

Development  of  the  Young. — At  the  ^  mm.  stage  (1^  mm.  for 
the  complete  animal)  the  head  shield  already  shows  the  cleft 
fore-lobe  of  the  glabella,  and  a  shallow  indentation  across  the 
glabella  marking  off  the  first  somite  of  the  posterior  lobe;  the 
basal  lobes  are  scarcely  yet  visible.  The  thorax  has  only  one 
joint ;  this  joint  has  tubercles  on  the  sides  of  the  rachis  and  a 
furrow  on  the  pleura  running  directly  outward ;  no  pleural  tu- 
bercles. The  rachis  of  the  pygidium  is  not  lobed,  but  the  so- 
mites are  indicated  by  the  incipient  keel  of  the  second  lobe,  and 
a  very  minute  tubercle  near  the  front  of  the  third  lobe,  indicating 
the  third  somite ;  at  the  front  of  the  rachis  is  a  strong  transverse 
ridge,  the  "  half  joint "  (articulating  ridge)  more  prominent  now 
than  in  later  stages.  The  first  somite  of  the  pygidium  is  not 
yet  visible,  but  it  is  separated  in  the  1^  mm.  stage  (2^  mm.  for 
the  whole  animal ),  when  the  rachis  divides  into  three  lobes. 
Only  one  joint  of  the  thorax  of  this  stage  has  been  seen;  it  shows 
tubercles  on  the  pleurae  as  well  as  on  the  rachis.  When  the 
animal  becomes  3  to  3^  mm.  long  both  Joints  appear  in  the  thorax 
and  the  general  features  of  the  test  are  those  of  the  adult ;  the 
basal  lobes  of  the  head  shield  are  still  very  small. 

These  features  of  growth  in  A,  fiasus  are  based  on  examples 
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from  the  Abenacus  Subzone  of  the  St.  John  group.  It  will  be 
seen  that  from  the  earliest  stages  described,  this  species  can  be 
separated  from  others,  and  before  the  rachis  of  the  pjgidium  is 
segmented,  the  minute  tubercle  on  the  third  somite  distin- 
guishes the  species  from  A.  Nathorstiy  which  has  this  tubercle 
on  the  fourth  somite ;  in  the  young  of  A,  fallax  it  is  on  the 
third  somite,  as  in  A,  JisauSy  but  becomes  obsolete  at  a  later  stage 
in  the  former  species. 

Both  the  above  variety  and  the  type  of  A.  fissus  have  been 
found  at  Porter's  Brook,  but  only  the  variety  at  Chapel  Arm. 
At  Porter's  Brook  the  species  is  known  only  from  the  highest 
fossiliferous  beds  of  Division  1  d;  so  perhaps  did  not  come  to 
America  with  the  first  migrants  of  the  Abenacus  Sub-fauna. 

AoNosTUS  PUNCTUosus,  Angelin.     Plate  xvi.,  fig.  11. 

Agnostus  punctuosus,  Ang.  Paleontolog.  Scand.,  p.  8,  tab  vi., 
fig.  11. 

Agnostus  punctuosus^  Broegg.  Om  Paradox'skifr.  v.  Krekling, 
p.  67,  tab.  vi.,fig.  12  a  and  b, 

Agnostus  punctuosus^  Tullb.  Agnostus  arterna.,  p.  17,  tab.  i., 
fig.  5  a  to  d. 

Angelin's  description  of  this  species  is  ver}-  brief,  the  follow- 
ing  is  Tullberg's: 

"Test  of  both  shields  granulated.  Marginal  fold  narrow. 
Glabella  bilobate.  Anterior  lobe  narrower  than  the  posterior, 
subtriangular,  divided  lengthwise  by  a  fine  line  sometimes 
scarcely  visible.  Posterior  lobe  ornamented  on  each  side  in  front 
of  the  middle  by  a  depression,  and  between  these  depressions  by 
an  elevated  point,  furnished  behind  the  middle  of  the  basal  lobes 
with  higher  tubercules  resting  on  lateral  depressions,  rounded 
behind.  Basal  lobes  elongate,  triangular,  divided  into  two 
tubercles  by  a  lateral  depression,  uniting  behind  the  glabella. 
Cheeks  separated  in  front  of  the  glabella,  furnished  with  lateral 
furrows  not  deep,  slightly  undulate,  and  with  small  points. 
Thorax  with  two  joints,  rachis  ornamented  with  contiguous 
lateral  tubercules,  pleurae  divided  into  two  tubercles  by  a  trans- 
verse line. 

**  Pygidium  without  spines.  Rachis  three-jointed ;  anterior 
joint  shorter  and  broader  tiian  the  others  ;  middle  joint  higher 
than  the  others,  hexagonal,  keeled,  adorned  with  an  elevated 
point;  posterior  joint  elongated,  round-acuminate,  sometimes 
bordered  by  straight  lines  so  as  to  become  quite  pointed  ;  often 
furnished  at  the  middle  with  a  minute  point,  and  below  it  lateral 
depressions.  In  the  adult  the  lateral  lobes  connect  behind  the 
rachis,  in  the  young  state  they  are  separated  by  a  fine  line  ;  the 
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lobes  are  densely  granulated.  In  one  pygidium  the  first  joint 
[of  the  rachis]  has  two  lateral  elevated  points,  the  middle  joint 
near  the  strongly  elevated  carina  has  a  point  on  each  side,  and 
the  last  joint  is  ornamented  with  an  elevated  point  on  each  side 
in  front,  and  one  median  point." 

Size. — Length  and  width  of  the  shield  6  mm. 

Horizon  and  Locality. — In  America  this  species  is  found  at 
Highland  Cove,  Trinity  Bay  in  company  with  P.  Damdis,  etc. 

This  fine  species  is  easilj'  recognized  by  its  tuberculate  side 
lobes  and  smooth  rachis,  and  corresponding  conditions  in  the 
head-shield.  The  somites  in  the  third  lobe  of  the  rachis  are 
clearly  distinguishable  in  the  American,  as  in  the  Norwegian  ex- 
amples, and  the  paired  somites  in  this  lobe  are  parallel  to  those 
seen  in  A.  Nathorsti,  etc. 

Aqnostus  LiEviQATUs,  Dalmau. 

Battus  laevigatus^  Dalm.  Yetensk,  Skad.  Arsber,  p.  136. 

Battus  laevigatus^  Hisinger.  Lethea  Svec,  p.  30,  tab.  iv.,fig.  7. 

Agnostus  laeuigatuB,  Ang.  Pal.  Scand,  p.  6.,  tab.  vi.,  fig.  3. 

Agnostua  laevigatua,  Broegg,  Om.  Paradox,  skift-en  p.  74,  tab. 
v.,  fig.  6,  and  tab.  vi.,  fig.  5. 

Agnostus  lasmgatus,  TuUb.  Om.  Agnostus-anterna,  p.  27,  tab.  ii., 
fig.  17  a  and  6. 

The  following  is  Tullberg^s  description  of  this  species:  '^Crust 
usually  very  smooth  and  handsome.  Head-shield  elongate- 
rounded,  encircled  by  a  narrow  filiform  marginal  fold.  Glabella 
obsolete  in  front,  enclosed  by  impressed  lines  behind,  rounded 
behind  and  ornamented  with  an  elevated  point.  Basal  lobes 
rounded,  connected  behind  the  glabella.  Lateral  furrows  some- 
times indent  the  cheeks.  Pygidium  elongate  rounded,  enclosed 
by  a  marginal  fold  which  is  broader  behind.  Rachis  vanishing 
backward,  the  first  joint  obsoletely  three  parted,  the  second  or- 
namented with  an  elevated  point,  the  third  narrow,  scarcely  dis- 
tinguishable." 

Size. — Length  of  the  shields,  5  mm.;  width,  4  mm. 

Horizon  and  Locality. — Head  shields  of  this  species  occur  in 
limestones  at  Chapel  Arm,  Trinity  Bay,  Newfoundland.  As  we 
have  no  pj-gidium  they  may  be  of  the  following  variety. 

Var.  TERRANOVicus  n.  var.     Plate  xvii.,  figs.  1  a  and  b. 

This  variety  has  the  narrow  marginal  fold  of  the  typical  form, 
but  differs  in  the  larger  basal  lobes  of  the  glabella,  and  in  having 
the  rachis  of  the  pygidium  defined  throughout  by  a  distinct  fur- 
row.    In   this  respect   it  approaches  more  nearly  the   variety 
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for  fax  of  Broegger,  which  also  has  the  pygidial  axis  thus  defined; 
but  this  axis  in  the  Norwegian  variety  is  longer  and  is  not  di- 
vided into  lobes.  In  var.  terranuvicus  the  front  lobe  of  the 
pygidium  is  separated  by  a  furrow  from  the  rest  of  the  rachis, 
but  there  is  no  middle  lobe  except  in  so  far  as  it  is  indicated  by 
a  tubercle  about  one-third  from  the  front.  The  side  lobes  of  the 
pygidium  are  wider  than  in  var.  for  fax. 

Sculpture. — The  test  is  minutely  punctate. 

Size. — Length  and  breadth  of  each  shield,  5  mm.  Rachis  of 
pygidium,  4  mm.  long,  2  mm.  wide. 

Horizon  and  Locality. — Dark  siliceous  slate  of  Highland 
Cove,  Trinity  Bay,  Newfoundland,  with  P.  Davidia. 

Var.  cicEROiDES  n.  var.     Plate  xvii.,  fig.  3  a  and  b. 

This  is  a  smaller  and  more  tumid  form  than  the  preceding, 
and  the  rachis  of  the  pygidium  is  wider  in  proportion ;  the  mid- 
dle lobe  of  the  rachis  is  marked  off  from  the  posterior  by  a 
faintly  impressed  line,  and  bears  a  more  prominent  tubercle  than 
the  preceding  variety. 

Sculpture. — As  the  preceding. 

Size. — Length  and  width  of  each  shield,  3^  mm.  Rachis  of 
pygidium,  2^  mm.  long,  1^  mm.  wide. 

Horizon  and  Locality. — Found  with  the  preceding. 

The  head  shield  of  this  variety  is  like  that  of  A.  Cicer,  Tull- 
berg,  but  it  is  furnished  with  a  marginal  fold ;  that  species  also 
has  a  wider  and  only  partially  defined  rachis  to  the  pygidium. 

Var.  MAMiLLA,  n.  var.     Plate  xvii.,  figs.  3  a  and  d. 

Nearly  the  same  size  as  the  preceding.  It  has  more  distinct 
basal  lobes,  but  the  difference  is  chiefly  in  the  pygidium;  the 
rachis  is  undivided  and  greaty  elevated  at  the  second  somite 
where  there  is  a  prominent  tubercle  one-third  from  the  front  of 
the  rachis ;  the  lateral  lobes  are  divided  by  a  furrow,  and  the 
posterior  marginal  fold  is  wide. 

Sculpture. — As  the  preceding  but  with  small  scattered  tuber- 
cles on  the  head  shield. 

Size. — Length  and  breadth  of  the  shields,  nearly  4  mm. 
Rachis  of  the  pygidium:  length,  2i+mm.;  width,  l^+mm. 

Horizon  and  Locality. — Pound  with  the  preceding. 

While  the  head  of  this  variety  is  that  of  a  Lsevigatus,  the  pygi- 
dium is  nearly  that  of  a  Parvifrons ;  in  the  latter,  however,  the 
dorsal  and  marginal  furrows  of  the  p3'gidium  are  confluent,  in 
this  variety  they  are  distinct,  but  connected  by  a  cross-furrow. 
But  for  the  absence  of  glabella  this  variety  would  closely  re- 
semble Broegger's  var.  mamillatus  of  A,  parvifrons. 
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In  Agnostus  Barrandei^  Salter,  of  the  Menevian  horizon  in 
Wales  we  evidently  have  a  species  of  the  Lsevigati  section,  and 
although  Dr.  Hicks'  figure*  does  not  show  any  rim,  the  descrip- 
tion indicates  that  there  was  one ;  f^om  this  and  the  pygidial 
features  this  species  appears  to  be  allied  to  A.  Isevigatus,  rather 
than  A.  nudus;  but  judging  from  these  features,  also  the  two 
individuals  figured  must  at  least  be  of  different  varieties  ;  Fig. 
5,  if  we  be  guided  by  the  form  of  the  rachis,  approaches  var. 
forfax^  and  Fig.  6  var.  terranomcus  ;  the  resemblance  does  not 
establish  an  identity  in  either  case. 

?  Aqnostus  nudus,  Beyrich. 

This  species  appears  to  be  indicated  by  some  head  shields 
found  in  Newfoundland.  The  head  shield  is  high  at  the  back  in 
the  middle  and  arched  down  in  all  directions,  and  is  devoid  of 
marginal  fold. 

Sculpture. — Smooth  and  shining  with  a  minutely  punctate  sur- 
face. 

Size. — Length  and  width,  3  mm. 

Horizon  and  Locality. — Limestone  of  Chapel  Arm,  Trinity 
Bay,  Newfoundland. 

MicaoDiscus,  Emmons. 

This  genus,  which  in  the  small  number  of  the  pleural  Joints,  is 
almost  on  a  par  with  Agnostus — for  the  number  varies  from  two 
to  four  for  the  different  species — is  characterized  by  certain 
changes  of  form  from  its  earliest  appearance  until  it  died  out  in 
the  later  stages  of  the  Paradoxides  beds— changes  which  are  com- 
parable to  those  in  Agnostus,  but  on  different  lines:  one  of  these 
lines  of  development  is  the  obliteration  of  the  costse  on  the  side 
lobes  of  the  pygidium,  and  the  other  the  extraordinary  develop- 
ment of  the  occipital  spine. 

The  ^'  great  nuchal  spine  "  as  Salter  calls  it  is  not  merely  an 
extension  of  the  summit  of  the  occipital  ring,  but  in  some  species 
at  least  it  carries  with  it  the  posterior  part  of  the  glabella ;  hence 
these  species  have  no  proper  occipital  furrow,  but  the  two 
outer  ends  of  this  furrow  are  seen  to  run  a  little  way  up  the 
side  of  the  spine  or  form  a  threadlike  band  at  the  the  back  of 
the  spine;  in  such  cases  the  main  furrow  seen  at  the  base  of 
the  spine  is  in  reality  the  posterior  glabellar  furrow,  and  this 
lighter  furrow  behind  is  the  occipital  liirrow. 

The  obliteration  of  the  occipital  furrow  in  many  species  of 
this  genus  leaves  one  less  than  the  normal  number  of  furrows  on 
the  axis  of  the  head  shield,  so  that  usually  not  more  than  three, 

*  Quart.  Jour.  Geol.  8oc.,  London,  May  '72,  p.  176,  pi.  V.,  Figs.  6  and  6. 
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sometimes  only  two,  can  be  discerned.  All  the  furrows  are 
usually  indistinct  or  even  obliterated  in  the  later  species  of  the 
Paradoxides  Beds,  in  the  adult  shields ;  but  even  in  these  there 
are  often  impressions  of  these  furrows  on  tlie  inner  surface  of 
the  test. 

It  is  in  the  species  of  the  Olenellus  Zone  that  the  series  of  fur- 
rows marking  the  somites  is  most  clearly  seen.  M.  speciosus  for 
instance  has  three  pairs  of  broadly,  but  distinctly  impressed  fur- 
rows on  the  sides  of  the  glabella  and  also  a  pair  of  sharply  cut 
occipital  furrows.*  In  M.  lobatus  the  furrows  of  the  glabella 
are  not  quite  so  obvious,  and  the  posterior  of  the  three  is  usually 
very  indistinct,  but  the  number  is  the  same  as  in  the  preceding 
species. 

Both  Agnostus  and  Microdiscus  exhibit  larval  characters  in 
the  anterior  lobe  of  the  glabella,  the  former  by  the  large  size 
of  the  anterior  lobe  (as  in  Regii)  or  its  distinctness  (as  in  Fal- 
laces  and  Longif^ontes).  In  Microdiscus,  however,  the  larval 
facies  is  maintained  by  the  large  size  of  the  anterior  lobe  as 
compared  with  those  behind  it.  The  PtychparidcB  in  the  Pro- 
taspis  stage,  which  the  author  has  studied,  agree  in  having  the 
somites  of  the  cephalic  axis  short  except  the  front  one  which  is 
much  larger  and  longer  than  the  others ;  as  regards  the  length, 
this  is  a  permanent  characteristic  in  the  typical  Microdisci  of 
the  Olenellus  zone,  for  in  these  the  front  lobe  is  nearly  as  long 
as  the  other  three.f 

As  in  Agnostus,  and  in  man}'  other  trilobites  the  pygidium 
of  Microdiscus  is  divided  into  an  anterior  and  a  posterior  part, 
the  latter  distinguished  by  the  imperfect  segmentation  of  the 
rachis ;  this  is  very  well  seen  in  the  section  (Eodiscus)  described 
hereafter,  wherein  the  protopygidium  is  marked  by  a  tubercle  on 
the  summit  of  each  ring  of  the  rachis,  while  on  the  neo-pygi- 
dium  there  is  a  row  of  low  tubercles  along  the  crest  of  the  ring, 
similar  to  those  on  the  lateral  lobes  (of  M.  pulchellus,  etc.). 
The  pygidium  in  this  group  by  the  appearance  and  subsequent 
effacement  during  growth  of  costse  on  the  side  lobes  shows  the 
addition  of  somites  beyond  the  number  of  those  of  the  early 
stages  ;  while  in  other  sections  as  Dawsonia  (see  below)  the  sur- 
face moulding  shows  the  cementing  of  additional  segments  to  the 
front  of  the  pygidium.  J 

A  general  rule  holds  in  the  genus  Microdiscus  as  to  the  in- 
crease of  the  number  of  rings  in  the  rachis  of  the  pygidium,  ac- 
cording to  the  geological  age  of  the  species ;  the  majority  of  those 

*0n  many  heads  of  adult  examples  ofM.  apeciotua  all  these  farrows  are  quite  ob- 
literated. 

tilf.  speciosus  and  M.  lohatus,  but  this  is  not  the  case  with  M.  Schucherti  in  which 
this  lobe  is  short  as  in  the  Microdisci  of  the  Paradoxides  beds. 

JSee  also  the  pygidium  ascribed  to  M.  precursor. 
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of  the  Olenellus  zone  have  but  few  rings  (4  to  6),  but  in  the 
Paradoxides  zone,  species  with  many  rings  (8  to  10  or  even  12), 
are  multiplied.  The  late  Prof.  G.  F.  Hartt  recognized  the  dis- 
tinction between  these  two  sections  of  the  genus  as  it  occurs  in 
the  Paradoxides  beds,  giving  to  one  the  name  Dawsonia  and  to 
the  other  Eodiscus.  The  following  scheme  will  show  how  the 
species  of  Microdiscus  are  related  to  each  other :  ' 
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lobatus,  Hall,  1847* 

Meeki,  Ford,  1876 
Parkeri,  Wale,  1886 
Helena,  Wale,  1889 

Section  spkciosus 

speciosus,  Ford,  1874 

bellicinctus,  Shaler  &  F,  1888 
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Section  Dawsonia  t 
Dawsoni,  Hartt,  1868 

sculptus,  Hicks,  1871 


Section  kodiscus  t 
Schucherti,  n.  sp. 
connexus,  Wale,  1887 
precursor,  Matt.,  1885 
suecicos,  Linrs.,  1882 
pulchellus,  Hartt,  1884 
punctatus,  Salter,  1864} 
euoentrus,  Linrs.,  1882 
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*  First  published  as  an  Agnostus. 

t  Used  by  Hartt  for  M.  Dawsoni,  published  by  Dawson,  1868. 
■ "     " abou'  '    ~ 


X  Name  used  by  Hartt  (probably 
i  The  type  of  the  genus. 


about  1870).  not  published  until  1884. 
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The  embryonic  tests  of  individuals  of  the  section  Eodiscus 
do  not  show  any  characters  special  to  the  genus,  but  these 
speedily  appear  in  very  small  larval  tests,  and  are  first  recog- 
nizable in  the  headshield.  In  general  outline  and  in  having 
costal  ribs  on  the  sides  of  the  pygidium,  this  part  of  a  young 
Eodiscus  is  much  like  that  of  a  Ptychoparia  at  the  corre- 
sponding stage,  but  in  the  later  moults  the  distinctive  features 
of  Microdiscus  appear;  the  rings  of  the  axis  become  more 
numerous,  the  pleural  lobes  inflated  and  the  form  of  the 
pygidium  more  elongated.  In  the  species  of  this  section 
(Eodiscus)  the  furrow  on  the  pleurae  (of  the  posterior  joint  at 
least)  run  forward  and  outward  as  in  Agnostus;  this  is  per- 
haps due  to  the  strong  geniculation  of  the  anterior  marginal 
fold  of  the  pygidium,  necessitating  a  convexity  of  the  overlap- 
ping pleura. 

The  genus  Microdiscus  serves  as  a  link  between  the  Paradox- 
ides  and  the  Olenellus  faunas,  and  there  is  a  gradation  of  re- 
sembling species  through  two  lines  of  development,  one  with 
few,  the  other  with  numerous  joints  in  the  rachis  of  the  pygid- 
ium. Though  Microdiscus  is  so  common  in  the  Olenellus  Fauna 
and  passes  into  that  of  Paradoxides,  no  example  has  been  found 
in  the  Protolenus  Fauna. 

Microdiscus  Sghugherti  n.  sp.    Plate  xvii.,figs.  4  a  and  b. 

Headshield  subcircular,  one-quarter  wider  than  long,  flattened 
in  front,  drawn  in  and  upturned  at  the  genal  angles  ;  axis  pro- 
jecting behind.  Anterior  marginal  fold  enclosing  a  flattened 
area,  which  is  indented  in  front  of  the  glabella.  Glabella  two- 
thirds  of  the  length  of  the  shield,  cylindro-conical,  depressed  in 
front,  elevated  and  projecting  backward  behind ;  three  pairs  of 
furrows  faintly  impressed  on  the  sides.  Occipital  ring  not  vis- 
ible. Cheeks  moderately  arched,  not  meeting  in  front  of  the 
glabella.  Posterior  marginal  fold  wide  at  the  outer  end,  shield 
narrower  here  than  opposite  the  cheeks. 

Thorax  not  known,  but  the  relief  of  the  approximate  margins 
of  the  two  shields  indicates  a  prominent  rachis  and  strongly 
geniculate  pleurae,  with  furrows  directed  forward. 

Pygidium  longer  in  proportion  than  the  head  shield,  and  more 
decidedly  arched.  Rachis  nearly  three-quarters  of  the  length  of 
the  shield ;  it  has  about  six  joints,  the  anterior  four  prominent 
and  each  crowned  with  a  tubercle.  Side  lobes  sloping  down  to 
a  flattened  marginal  fold,  which  is  strongly  geniculated  in  front, 
with  an  almost  vertical  outer  slope. 

Sculpture. — Surface  of  both  shields  minutely  granulate. 
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Size. — Length  of  pygidium,  3  mm.;  width,  4  mm.;  the  head- 
shield  is  somewhat  shorter. 

Horizon  and  Locality. — Limestone  of  the  Olenellus  Zone  at 
Troy,  N.  Y.  Collected  by  Mr.  C.  Schuchert  and  communicated 
to  the  author. 

Though  this  species  is  not  of  the  Paradoxides  Zone,  I  have 
described  and  figured  it  here  on  account  of  its  resemblance  to 
the  larval  stages  of  certain  Microdisci  of  that  zone.  It  differs 
from  others  with  which  it  occurs  in  its  short  glabella  and  broad, 
depressed  head  shield ;  in  these  points  it  is  like  M.  Dawsoni, 
While  the  typical  species  of  the  Olenellus  Zone  have  retained 
the  occipital  ring,  it  appears  to  be  wanting  or  nearly  effaced  in 
this  species,  as  in  several  species  of  the  Paradoxides  Zone,  and  in 
the  Agnosti.  The  larval  pygidia  of  the  Eodisci  (M.  pulchellus, 
etc.)  resemble  the  adult  shield  of  this  species  in  contour,  num- 
ber of  rings  in  the  rachis,  etc.  And  it  is  to  a  fixed  larval  stage 
of  this  type,  rather  than  to  if.  pulchellua,  M,  punctatus  or  if. 
Dawsoni  that  the  author  would  look  as  the  source  of  such  a 
form  as  M.  conneams,  Wale;  for  this  species  differs  little  from 
M,  Schucherti,  except  in  the  extension  of  the  occipital  spine. 
All  our  examples  of  M.  Schucherti  show  only  the  outer  surface, 
and  so  it  is  not  known  whether  the  border  fold  of  the  head  shield 
is  crenulated  within. 

MiCRODiscus  PRECURSOR.    Plate  xvii.,  fig.  7. 

Microdiscus  punctatus  var.  precursory  Trans.  Roy.  Soc.  Can., 
vol.  iii.,  pt.  iv.,  p.  75,  pi.  vii.,  fig.  13. 

Only  the  head  shield  of  this  species  is  with  certainty  known. 
It  resembles  M.  pulchellus,  but  is  more  triangular  in  outline. 
The  marginal  rim  is  very  narrow ;  the  dorsal  furrow  is  deep  and 
wide  and  connected  with  the  marginal  furrow  by  a  shallower 
furrow.     Glabella  shows  two  faint  pairs  of  furrows  at  the  sides, 


Microdi»cus  precursor,  supposed  pygidium  mag.  ^,      (This  figure  should 
have  been  placed  between  figs,  ib  and  Sd  on  Plate  xvii. ) 

on  the  inside  of  the  test,  smooth  on  the  outside.  The  occipital 
ring  bears  a  tubercle  or  short  spine.  The  cheeks  are  tumid, 
nearly  straight  on  the  side  next  the  dorsal  furrow,  to  which  they 
descend  abruptly;  at  the  posterior  inner  comer  is  a  prominence 
which  projects  toward  the  glabella  in  front  of  the  occipital  ring. 
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Occurring  at  the  horizon  of  this  species  there  is  a  somewhat 
long  semi-circular  pygidium  which  may  belong  to  this  species; 
a  young  example  possesses  the  following  characters.  It  is  one 
and  a-half  times  as  wide  as  long.  Rachis  narrow  and  prominent, 
about  one-fifth  of  the  width  of  the  shield,  and  three-quarters  of 
its  length ;  two  rings  are  divided  off  the  front  by  transverse 
furrows,  two  others  are  marked  bj^  side  furrows,  and  there  is  a 
posterior  lobe  twice  as  long  as  wide,  not  reaching  the  marginal 
fold.  The  side  lobes  are  tumid  and  are  traversed  by  transverse 
furrows  ;  three  in  front  have  the  appearance  of  anchylosed  seg- 
ments of  the  thorax ;  one  behind  is  less  distinct,  and  a  fifth  is 
faintly  indicated.  A  low,  narrow,  obscure  fold  goes  around  the 
margin  of  the  shield. 

Sculpture. — There  are  minute  scattered  tubercle  on  the  cheeks 
and  glabella,  and  minute,  rather  obscure  crenulations  on  the 
inner  surface  of  the  test  at  the  marginal  fold.  The  supposed 
pygidium  is  minutely  gmnulated. 

Size. — Length  of  the  head  shield,  2  mm.;  width,  1^  mm. 

Horizon  and  Locality. — In  the  fine  gray  shales  of  Div.  Ic^  at 
Hanford  Brook  and  Porter's  Brook,  St.  Mai*tin's,N.B.,  Canada. 

This  species  has  a  general  resemblance  to  M,  scanicus  of  the 
Swedish  Paradoxides  beds  as  regards  the  head  shield;  but  if 
the  pygidium  described  above  belongs  here,  the  species  is  more 
nearly  related  to  M.  Dawsoni  and  M.  Schucherci ;  the  crenula- 
tions of  the  margin  are  similar  to  those  of  the  section  Eodiscus, 
but  not  so  sharply  marked  or  so  noticeable. 

MiCRODiscus  Dawsoni,  Hartt.     Plate  xvii.,  figs.  5  a  to  e. 

Microdiscus  Dawsoni,  Hartt.  Acad.  Oeol.,  2d  ed.,  p.  564,  fig. 
228. 

Microdiscus  Dawsoni,  Walcott,  XJ.  S.  Geol.  Surv.  Bull  10,  p. 
p.  23,  pi.  ii.,  figs.  3  and  3a. 

Microdiscus  Dawsoni,  Trans.  Roy.  Soc.  Can.,  vol.  iii.,  pt.  Iv., 
p.  75,  pi.  vii.,  figs.  11,  a  to  c. 

Description. — ^'  Cephalic  shield  semilunar,  with  thickened 
border,  crossed  by  numerous  grooves  running  perpendicularly 
to  the  circumference.  Glabella  convex,  narrow,  rounded  in  front, 
conical  and  pointed  behind,  projecting  beyond  the  posterior 
border,  without  furrows  or  occipital  groove.  Cheeks  convex, 
no  eyes  and  no  traces  of  sutures,  posterior  angles  of  the  shield 
with  backwardly  projecting  spines.  Pygidium  subtriangular, 
with  curved  outlines,  rounded  in  front  and  behind ;  middle  lobe 
distinctly  marked  and  divided  into  six  segments ;  lateral  lobes 
also  divided  ;  furnished  with  a  narrow  border." 

This  is  one  of  the  most  characteristic  species  of  the  P.  lamel- 
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latus  Subzone.  The  head  shields  in  my  examples  are  broadly 
semicircular ;  the  glabella  and  cheeks  slope  downward  in  front 
below  the  level  of  the  anterior  marginal  fold,  which  rises  in  front 
as  a  prominent,  crenulated,  transverse  ridge;  the  glabella  ex- 
tends backward  into  a  stout  spine,  slightly  hooked  downward  at 
the  extremity ;  the  glabella  and  spine  form  together  a  fusiform 
axial  lobe  tapering  to  both  ends,  and  the  two  parts  are  nearly 
on  the  same  plane. 

The  thorax  consists  of  two  joints  having  rounded  rings  and 
the  pleurae  have  broad  furrows  directed  forward  as  in  Agnostus. 

The  pygidium  is  angled  in  front,  has  seven  segments  in  the 
rachis  and  five  ribs  on  the  lateral  lobes,  of  which  the  posterior 
are  strongly  directed  backward  as  on  the  Welsh  M,  sculpt  us  j 
Hicks. 

Sculpture This  species  is  closely  granulated  on  those  parts 

of  the  test  that  are  raised  above  the  general  surface,  but  not  in 
the  furrows. 

Size. — Length  of  head,  exclusive  of  spine,  3  mm.;  width, 
4  mm.  Length  and  width  of  p3'gidium,  the  same.  The  occipital 
spine  is  2  mm.  long. 

Horizon  and  Locality. — The  fine  gray  shales  of  Div.  1  c^  at 
St.  John,  RatclifiT  Stream,  Simonds'  and  Hanford  Brook,  St.  Mar- 
tin's, N.  B.,  Canada,  but  nowhere  plentiful. 

Development  of  the  Young. — The  young  head  shield  in  this 
species  differs  widely  from  the  adult.  At  the  length  of  1  mm. 
the  front  rim  is  narrow  all  around  and  no  crenulation  is  visible ; 
the  cheeks  are  comparatively  flat,  and  there  is  a  flattened  area 
within  the  rim  indented  with  a  depressed  point  in  front  of  the 
glabella,  which  it  touches  as  in  M.  Schucherli,  The  glabella  is 
pointed  behind  but  bears  no  spine.  The  genal  angles  are  some- 
what pointed.  At  1;^  mm.  length  of  head  shield,  the  rim  begins 
to  widen  in  front  and  shows  shallow  crenulations,  and  the  flat- 
tened area  still  shows  a  depression  in  front  of  the  glabella.  The 
genal  angles  are  sharp  and  the  posterior  marginal  fold  broadens 
at  the  end  and  is  upturned  as  in  M,  Schucherti,  The  glabella 
has  a  long  anterior  lobe,  as  M.  speciosus  has  in  the  adult  stage. 
In  the  later  moults  the  strongly  crenulated  widened  margin  and 
the  development  of  the  occipital  spine  easily  distinguish  this 
species  from  the  former  of  those  above  named,  and  the  breadth 
of  the  shield  and  wide  anterior  rim  from  the  latter. 

I  have  not  met  with  the  genal  spines  described  by  Prof.  Hartt, 
but  the  indrawn  and  upturned  genal  angle  of  the  head  shield 
forcibly  recall  similar  features  in  more  than  one  species  of 
Microdiscus  of  the  Olenellus  Zone. 


TKANSAcnoNS  N.  Y.  Acad.  Sci.,  Vol.  XV.,  Sig.  16,  Sept.  26, 1896. 
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Although  the  pygidium  of  our  species  and  that  of  M.  sculptua 
are  alike,  the  head  shields  are  quite  different,  and  the  number  of 
thoracic  joints  differs. 

MiCRODiscus  PULCHBLLUS,  Hartt.   Plate  xvii.,  fig.  8  o  to/. 

Microdiscus  punctatus  (Salter)  Whiteaves.  Am.  Jour.  Sci.,  S 
ser.,  vol.  xvi.,  p.  226. 

Microdiscus  pulchellus,  Hartt,  Ms.  in  List  to  Sir  J.  W. 
Dawson. 

Microdiscus  punctatus ^  Walcott,  TJ.  S.  Geol.  Surv.,  Bull.  10^ 
p.  24,  pi.  ii.,  figs.  1  a  to  c. 

Microdiscus  punctatus  yat,  pvJchellus,  Trans.  Roy.  Soc.  Can.^ 
vol.  iii.,  pt.  iv.,  p.  T4,  pi.  vii.,  figs.  12  a,  b  and  c. 

Description  (by  Mr.  C.  D.  Walcott). — "  Head  semi-elliptical  in 
outline,  rather  strongly  convex,  and  bordered  on  the  front  and 
sides  by  a  depressed  furrow  and  raised  rim,  the  furrow  contain- 
ing numerous  short  furrows  perpendicular  to  the  margin,  as  in 
M  Dawsoni^  but  not  as  strongly  marked.  The  posterior  border 
is  strong  back  of  the  cheeks,  and  has  the  furrow  continuing 
from  the  sides ;  a  very  narrow  rim  extends  back  of  the  glabella ; 
eyes  and  facial  sutures  entirely  absent. 

"  Glabella  elongate  conical,  extending  backward  in  a  strong 
spine,  as  long  as  the  glabella  in  medium-sized  specimens,  and 
nearly  as  broad  at  the  base.  In  some  examples  the  spine  is 
shorter  and  smaller.  The  glabella  rises  above  the  level  of  the 
cheeks,  and  is  about  three-fifths  of  the  length  of  the  head,  bor- 
dered by  strong  dorsal  furrows  that  are  connected  in  front  by  a 
straight  furrow  with  the  depressed  groove  within  the  anterior 
marginal  border,  perceptibly  marked  by  two  pairs  of  oblique 
glabellar  furrows  in  some  examples.  Cheeks  convex,  prominent, 
strongly  defined  by  the  dorsal  and  marginal  furrows. 

"  Thorax  unknown."     [see  below.] 

'^  The  pygidium,  associated  with  the  head  of  this  species  in 
great  numbers,  has  the  same  general  outline  as  the  head.  The 
narrow,  margined  rim  is  well  defined  all  around,  widest  at  the 
sides;  anterior  marginal  furrow  very  distinct;  median  lobe 
elongate  conical,  extending  back  nearly  to  the  marginal  groove ; 
nine  anchylosed  segments  are  indicated  by  eight  rather  strong, 
transverse  furrows;  lateral  lobes  strongly  convex,  no  furrow 
appearing  back  of  the  anterior  marginal  groove." 

Sculpture. — ^*'  Surface  finely  punctate,  the  punctae  being  rather 
large  as  compared  with  the  depth. 

Size. — Dimensions  of  a  rather  broad  head.  Length,  3.5  mm. 
(also  4^  mm.).      Pygidium,  length,  3.T5  mm.  (also  4J  mm.). 
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Breadth,  5  mm.  There  is  considerable  variation  in  the  propor- 
tion of  the  parts. 

'*  This  is  an  abundant  and  well-marked  species.  The  pygidium 
is  very  similar  to  that  of  M.  speciosus,  Ford,  of  the  Olenellus 
Fauna.  In  event  of  the  two  forms  M.  punctatus  and  M.  pulchel- 
luB  proving  distinct,  I  propose  that  Mr.  Hartt's  name,  M.  put- 
chelluBy  be  given  to  the  American  species. 

The  following  particulars  may  be  added  to  the  description  of 
this  form  given  by  Mr.  Walcott,  in  Bulletin  10. 

The  occipital  spine  is  much  more  slender  in  the  author's  ex- 
amples than  in  those  figured  by  Mr.  Walcott ;  it  is  flattened  at 
the  sides,  and  frequently  rises  f^om  the  plane  of  the  head  shield 
at  an  angle  of  45^. 

The  short,  transverse  furrows  on  the  marginal  fold  of  the 
head  shield  differ  from  those  of  M.  Dawaoni  in  being  closer  to- 
gether and  at  about  equal  distances  all  around  the  margin  ;  they 
are  not  on  the  outer  surface  of  the  fold,  but  only  indent  the 
inner  surface  of  the  test,  hence  they  are  not  visible  from  above 
when  the  test  is  perfect. 

No  complete  thorax  has  been  found  in  connection  with  the 
shields,  but  the  separated  joints  show  a  strong  axial  ring  which 
has  a  row  of  obscure  tubercles  along  the  ridge  similar  to  those 
on  the  posterior  rings  of  the  rachis ;  the  pleurse  are  strongly 
arched,  and  have  a  long  and  deep  furrow  directed  somewhat 
obliquely  backward ;  they  seem  not  very  rigid  and  terminate  in 
rounded  points. 

According  to  Mr.  Walcott  the  median  lobe  of  the  pygidium 
has  eight  segments,  including  the  articulating  ring,  but  well 
grown  examples  show  nine  well  marked  rings,  and  three  other 
smaller,  less  distinct  ones,  near  the  end  of  the  rachis.  When 
one-quarter  grown  this  species  has  seven  distinct  rings  in  the 
rachis,  the  number  in  the  mature  M.  punctatus,  according  to  Mr. 
Salter.  From  this  species  M.  pulchellus  differs  not  only  in  re- 
spect to  the  number  of  these  rings,  but  also  in  having  a  smaller 
and  more  erect  occipital  spine. 

Sculpture. — The  test  of  M,  pulchellus  has  been  described  as 
punctate,  but  this  remark  applies  only  to  the  head  shield  and 
thorax,  for  the  pygidium  is  tuberculate  on  the  side  lobes.  It 
may  be  added  that  the  strong  rings  of  the  rachis  carry  each  a 
low  spine  at  the  summit ;  but  on  the  weak  posterior  rings  the 
crest  is  ornamented  with  a  row  of  small  tubercles. 

Size. — The  dimensions  given  above  are  of  the  largest  shields, 
more  frequently  it  is  a  third  smaller. 

Development  of  the  Young. — The  change  of  this  species  as  it 
grew  from  a  Protaspis  stage  similar  to  that  of  other  trilobites 
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associated  with  it,  is  partly  shown  by  immature  tests  that  have 
been  observed.  It  acquired  generic  characters  at  a  very  early 
stage  so  far  as  the  head  shield  is  concerned,  but  the  pygidium 
took  a  longer  time.  The  Protaspis  (slightly  over  ^  mm.  in 
length)  is  remarkable  for  the  equal  spacing  of  the  somites  al- 
most from  the  first,  causing  the  first  somite  to  be  smaller, 
and  the  first  furrow  further  forward  than  usual;  while  the 
cephalic  portion  of  the  axis  is  visibly  segmented,  the  caudal  is 
not,  and  the  line  of  suture  between  the  two  shields  is  scarcely 
indicated ;  the  rachis  almost  touches  a  faintly  defined  rim  at  the 
back  of  the  shield.  In  the  ^  mm.  stage  of  the  head  shield  the 
glabella  is  already  near  the  normal  form  in  the  adult,  but  ex- 
tends farther  forward,  and  the  furrow  in  front  is  short  and 
deeply  impressed,  as  in  the  young  of  M,  Dawsoni  and  the  adult 
of  if.  Schucherti;  there  is  a  slender  occipital  spine  elevated  at 
an  angle  from  the  plane  of  the  head  shield  as  in  the  adult. 
When  the  head  shield  is  1  mm.  long  the  crenulation  on  the  in- 
terior of  the  front  rim  of  this  shield  becomes  visible,  and  very 
short  genal  spines  are  added  to  the  posterior  angles. 

When  the  pygidium  was  ^  mm.  long  it  had  three  lobes  in  the 
rachis  and  one  rib  marked  off  hy  a  faint  furrow  at  the  front  of 
the  lateral  lobes ;  this  furrow  is  distinct  only  in  the  middle  of  its 
length ;  at  this  stage  the  shield  is  much  fiatter  and  wider  than 
the  adult  and  is  bordered  by  a  broad  rim,  within  which  is  a 
broad  rounded  furrow.  The  |  mm.  shield  does  not  ditfer  much 
in  form, but  has  four  rings  in  the  rachis, and  the  rib  at  the  front 
of  each  cheek  is  more  distinctly  marked.  In  the  1^  mm.  stage 
there  are  seven  lobes  to  the  rachis  and  only  a  faint  trace  of  the 
rib  on  the  front  of  the  side  lobe.  In  the  2  mm.  stage  there  are 
seven  strong  lobes  and  three  faint  lobes  on  the  rachis,  and  no 
trace  of  the  rib  on  the  side  lobe,  so  that  at  this  stage  the  pygid- 
ium has  nearly  assumed  the  aspect  of  the  adult  shield. 

Horizon  and  Locality. — All  parts  of  the  St.  John  Basin,  in  the 
beds  carrying  the  Abenacus  Sub-fauna  Dlv.  1  d^.  Also  in 
Kennebecases  and  Long  Reach  Basins  at  the  same  horizon. 

MiORODiscus  PUNCTATUs,  Salter. 

MicrodiscuB  punctatus^  Salter,  Quart.  Jour.  Geol.  Soc.  vol.  xx., 
no.  T9,  p.  237,  pi.  viii.,  fig.  IL 

c.  f.  Microdiscus  eucentrus,  Linrs.  De  Under  Paradoxideslag- 
Ten  vid  Andrarum,  Stockholm,  1883,  p.  30,  tab.  4,  figs.  19  and  20. 

J.  W.  Salter's  description  of  this  species  is  as  follows :  "  Head 
without  eyes  or  facial  suture ;  margined,  the  glabella  and  side 
ilobes  very  prominent,  punctate.     An  enormous  nuchal  spine. 
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Body  rings  4.  Tail  equal  to  the  head,  with  a  strong  7-ringed 
axis,  and  smooth  punctate  sides,  margin  distinct." 

G.  Linnarsson's  description  of  M.  eucentrus  is  the  following : 
Equalling  the  preceding  (i,  e.  M.  Scanicus),  but  the  head  more 
convex ;  glabella  without  any  occipital  furrow  behind,  prolonged 
into  a  spine  longer  than  the  head. 

Linnarsson's  species  is  evidently  very  near  to  Salter's,  if  not 
identical  with  it ;  the  Swedish  naturalist  points  to  the  larger 
number  of  joints  in  the  pygidium  of  his  species  as  distinctive  of 
it,  also  to  the  absence  of  the  crenulate  border  of  the  head  shield. 
But  I  think  Salter's  ^^  7  rings  "  to  the  axis  of  the  pygidium  re- 
fers only  to  the  more  distinct  joints  in  the  main  part  of  the  axis ; 
and  as  for  the  ornamentation  of  the  front  rim  of  the  head  shield 
(unless  the  Welsh  are  different  from  the  American  species)  that 
exist  only  on  the  interior  of  the  rim,  and  would  not  appear  on 
the  outer  surface  of  the  test. 

The  young  tests  of  if.  punctatus  show  almost  the  same  pro- 
gressive changes  from  the  embryonic  form  as  Jf.  pulchellus  ; 
among  these  are  the  acquisition  and  subsequent  disappearance 
of  a  rib  on  the  front  of  the  side  lobes  of  the  pygidium ;  occa- 
sionally two  ribs  are  thus  developed,  but  in  the  adult  these  larval 
ribs  disappear. 

Sculpture. — The  surface  both  of  the  head  shield  and  pygidium 
are  ornamented  with  close  punctures,  differing  thus  from  M,  pul- 
chellus in  which  the  surface  of  the  pygidium  is  covered  with 
small  tubercles,  while  the  head  shield  only  is  punctate.* 

Size. — Length  of  largest  head,  exclusive  of  spine,  5  mm.,  length 
of  spine  5  mm.  (smaller  heads  show  a  spine  longer  in  propor- 
tion); width  of  head  shield,  6  mm.  The  pygidium  is  of  the  same 
size  (excluding  the  occipital  spine). 

Horizontal  and  Locality. — In  the  fine  gray  shales  of  the  P. 
Davidis  Subzone  at  Manuel  Brook,  Conception  Bay,  Newfound- 
land.    Common. 

Explanation  of  Plates. 

PLATE  XIV.,  CiRBiPKDiA,  Etc. 

Notation  of  the  horizons,  used  below  : 
Div.  le^  Horizon  of  Paiadoxides  lamellatns. 
Diy.  Ic'.  Horizon  of  Paiadozides  EtemimcnB. 
Div.  Id},  Horison  of  Paiadozides  Abenacns. 
Diy.  ItP,  Horizon  of  Paiadozides  Davidis. 

Fio.  1.  Stenoiheca  concentrica.  Flattened  and  cracked  along  the  back. 
Hag.  {.    From  Div.  1  d\  St.  Martins,  X.  B.    See  p.  201. 


^  Pyffldia  occur,  however,  at  Chapel  Arm,  Trinity  Bay,  Newfoundland,  In  the  P. 
Davidis  Suhsone,  having  the  surface  tuberculate  ;  the  species  has  not  been  determined. 
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Fig.  2.  8.  concentrica  var.  radiaia,  Mag.  ^.  From  Div.  1  c,  St.  John,  N. 
B.    See  p.  202. 

Fio.  3.  SUnoiheca  Sieksiana.  Mag.  f .  From  Div.  1  cT,  St.  Martin's,  X. 
B.    Seep.  205. 

Fia.  4.  Stenciheea  triangularis,  a,  a  cast  of,  showing  the  outline  of  the 
oone  and  the  thickened  apex,  h,  a  cast  without  the  outline.  Beth 
mag.  f   From  Div.  1  c*,  St.  John,  N.  B.    See  p.  203. 

Fig.  5.  Strobilepis  apinigera,  J.  M.  Clarke.  Terminal  plate  (and  penulti- 
mate plate  in  outline).  Figured  for  comparison  from  Dr.  Clarke's  restora- 
tion. Mag.  }.  The  terminal  plate  is  partly  covered  by  the  penultimate. 
Devonian  spedes.    See  p.  203. 

Fig.  6.  8tenoiheca  natuia,  a,  small  example,  mag.  f .  (,  original  type 
mag.  f .    Both  from  Div.  1  c,  St.  John,  N.  B.    See  p.  204. 

Fig.  7.  PlwmulUes  Uanudenm^  n.  sp,  mag.  f .  From  Div.  1  d',  Manuel 
Brook,  Newfoundland.    See  p.  200.     (Misprinted  Plate  XV.  on  p.  200. ) 

Fig.  8.  Cirripedian  and  other  plates.  Type  A,  a  and  6,  two  forms  of  oval 
plates.  Type  B,  a,  ribbed  plate ;  6,  smooth  plate.  Type  C,  a,  plate  with  deep 
furrow  ;  6,  plate  with  high  umbo;  ic,  plate  with  eared  flange  ;  d^  plate  simi- 
larly flanged  but  more  r^ular  ;  these  are  perhaps  Cystidian.  Type  D,  sym- 
metrical plate,  perhaps  one  of  the  axial  row  (^  plates.  Type  £,  triangular 
plate  with  radiating  ridges  (possibly  cystidian).  Type  F,  triangular  plate 
with  arched  keel  (Cirropodites  Ckmibrensis),  T^pe  G,  triangular  plate  with 
facetted  edges.  All  the  figures  except  8  G,  a,  mag.  f  8  G,  a,  is  mag.  |.  The 
narrow  figures  beside  the  laxger  ones  are  sections.    See  p.  206. 

PLATE  XV.,  OSTBACODA  AND  Agnostus  (part). 

Fig.  1.  Lepiditta  alata.  a,  outer  surface  of  left  valve.  6,  cast  of  interior 
<rf  right  valve.    Mag.  ^.    From  Div.  1  c«,  St.  John,  N.  B.    See  p.  194. 

Fig.  2.  Lepiditta  curta.  Interior  of  left  valve.  Mag.  ^^.  From  Div.  1  df*. 
St  Martin's,  N.  B.    See  p.  195. 

Fig.  3.  Lepiditta  aurieuiata,  a,  left  valve  showing  faint  concentric  lines 
and  the  ligamental  (?)  groove  at  the  hinge.  6,  same,  hinge  line  in  profile. 
Mag.  f .    From  shales  of  Div.  1  e,  St.  Martin's.    See  p.  196. 

Fig.  4.  Aluta  flexilis  n.  g.  etsp.  left  valve  (with  lower  margin  restored) 
showing  ocular  (?)  tubercle,  Mag.  f .  From  conglomerate  limestone  band 
in  Div.  1  c\  St.  Martin's,  N.  B.    See  p.  198. 

Fig.  5.  Primitia  Acadica.  a,  left  valve.  6,  longitudinal  section,  c,  trans- 
verse section.    Mag.  J.    From  Div.  1  c\  St.  Martin's,  N.  B.    See  p.  196. 

Fig.  6.  Agnostus  fallax  var.  vir.  Complete,  somewhat  flattened.  Mag.  f . 
From  Div.  1  c«,  St.  John,  N.  B.    See  p.  215. 

Fig.  7.  A.  faUax  var.  concinnus.  a,  head  shield,  b,  a  joint  of  the  thorax. 
<?,  Pygidium.    Mag.  {.    From  Div.  1  d\  St.  Martin's,  N.  B.    See  p.  216. 

Fig.  8.  Same  variety,  a,  head  shield  of  young  larva  retaining  embyonic 
(Protaspis-like)  features.  Mag.  ^j^.  6,  young  pygidium  showing  somites 
and  posterior  tubercle  on  rachis,  effaced  in  later  stages.  Mag.  ^^,  Both 
from  Div.  ld\  St.  Martin's,  N.  B.    See  p.  216. 

Fig.  9.  A.  fallax  var.  trilobatugy  n.  var.  Pygidium.  Mag.  f.  From 
Div.  1  c\  St.  John,  N.  B.    See  p.  216. 

Fig.  10.  Agnotiu»  Aoadicus,  Hartt.  a,  head  shield,  b,  pygidium. 
Mag.  f.    From  Div.  1  c\  St  John,  N.  B.    See  p.  217. 
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Fio.  11.  A,  Acadicua  var.  dedivis.  a.  head  shield.  6,  pygidium. 
Mag.  f.  c,  larval  pygidiam  showing  embryonic  features.  Mag.  V-  ^t 
adnlt  pygidinm  in  the  rachis  of  which  are  six  somites.  Mag.  }.  All  from 
Div.  1  d\  St.  Martin's,  N.  B.    See  p.  219. 

PLATE  XVI.,  Agnostus. 

Fig.  1.  Agnostua  regulus.  a,  head  shield.  6,  a  joint  of  the  thorax,  c, 
Pygidiam.     Mag.  f .     From  Div.  1  e'.    See  p.  213. 

Fig.  2.  Agnostus  rex  Barr.  var.  transectua  n.  var.  Pygidium,  Mag.  J. 
From  Div.  1  d\  St.  Martin's.    See  p.  214. 

Fig.  3.  Agnostus  parvifnma  Linrs.  var.  tessella,  a,  head  shield,  b,  thorax, 
c,  pygidium,  Mag.  f .    From  Div.  1  d»,  St.  Martin's,  N.  B.    See  p.  221. 

Fig.  4.  Agnostus  umbo,  a,  head  shield,  b,  pygidium.  Mag.,  }.  From 
Div.  1  d\  St.  Martin's  N.  B.    See  p.  222. 

Fig.  5.  Agnostus  obtusOobus,  Mag.  f .  From  Div.  1  d^,  St.  Martin's 
N.  B.    See  p.  223. 

Fig.  6. ,  Agnostus  Davidis,  Hicks.  Pygidium.  Mag.  |.  From  Div.  1  d\ 
Manuel  Brook,  Newfoundland.    See  p.  225. 

Fig.  7.  Agnostus  gibbus,  Linrs.  var.  partitus.  Head  shield.  Mag.  f. 
From  Div.  1  c«,  St.  Martin's,  N.  B.    See  p.  227. 

Fig.  8.  A,  gibbus  var.  acutilobus.  Mag.  }.  From  Div.  1  d\  St.  Mar- 
tin's, N.  B.    See  p.  227. 

Fig.  9.  Agnostus  Naihorsti,  Brogg,  var.  confluens,  n.  var.  a,  head  shield. 
bj  pygidium.    Mag.  f .     From  Div.  1  d\  St.  Martin's,  N.  B.    See  p.  230. 

Fig.  10.  Agnostus  Jissusy  Lundgr.  var.  trifissus,  n.  var.  Mag.  \,  From 
Div.  1  d\  St.  Martin's,  N.  B.    See  p.  231. 

Fig.  11.  Agmstus  punctuosus,  Ang.  a,  head  shield,  b,  pygidium » 
Mag.  f .     From  Div.  1  d*.  Highland  Cove,  Newfoundland.    See  p.  232. 

PLATE  XVII.,  Agnostus  and  Micbodiscus. 

Fig.  1.  Agnostus  Uemgatus,  Dalm.,  var.  terranom4MS^  n.  var.  a,  head 
shield.  6,  pygidium.  Mag.  f.  From  Div.  1  d^,  Highland  Cove,  New- 
foundland.   See  p.  233. 

Fig.  2.  A,  Isevigatus  var.  mummiUa,  n.  var.  a,  head  shield.  &,  pygidium. 
Mag.  f     From  Div.  1  d*.  Highland  Cove,  Newfoundland.    See  p.  235. 

Fig.  3.  A.  7sBvigatus\ar,  ciceroides,  n.  var.  a,  head  shield,  b,  pygidium. 
Mag.  4*     Found  with  the  preceding.    See  p  234. 

Fig.  4.  Microdiscus  Schucherti  n.  sp.  a,  head  shield.  6,  pygidium. 
Mag.  f    From  Olenellus  limestone,  Troy,  N.  Y.    See  p.  238. 

Fig.  5.  Microdiscus  Dawsoni,  Hartt.  a,  head  shield,  b,  same  in  profile, 
c,  pygidium.  Mag.  f.  d^  young  larval  stage,  head  shield.  Mag.  ^f-, 
€y  next  larval  stage,  head  shield.  Mag.  y.  All  from  Div.  1  e\  St.  John, 
N.  B.    See  p.  240. 

Fig.  6.  Microdiscus  speciosus.  Ford,  head  shield.  Mag.  f.  From 
Olenellus  limestone,  Troy,  N.  Y.,  figured  for  comparison.    See  p.  236. 

Fig.  7.  Microdiscus  precursor.  Head  shield.  Mag.  }.  From  Div.  1  c*, 
St.  Martin's,  N.  B.    See  p.  239. 

Fig.  8.  Microdiscus  ptdcheUus  Hartt.  a,  head  shield,  b,  same  in  profile, 
c,  pygidium.  Mag.  f.  d,  embryonic  or  Protaspis  stage.  Mag.  y. 
e,  early  larval  stage.  /,  pygidium  of  same.  Both  Mag.  ^f-.  All  from  Div. 
ld\  St.  Martin's,  N.  B.  See  p.  242. 
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Introduction. 

As  one  commences  field  work  in  the  eastern  Adirondacks,  the 
numerous  dikes  of  the  region  early  thrust  themselves  on  the  at- 
tention, and  as  they  are  studied  and  mapped  certain  facts  regard- 
ing their  distribution  become  obvious  and  demand  explanation. 
These  facts  are  more  prominently  brought  out  in  Clinton  county ^ 
N.  Y.,  where  the  writer  has  been  at  work,  than  is  the  case  in 
Essex  county  and  in  western  Vermont,  where  the  dikes  have 
been  so  thoroughly  studied  by  Prof.  Kemp,  though  many  of 
them  have  been  noted  and  published  by  him.  In  the  writer's 
opinion  they  lead  so  irresistibly  to  the  conclusion  that  there  have 
been  two  periods  of  dike  formation  in  the  Adirondacks,  quite 
widely  separate  in  point  of  time,  that  it  is  deemed  wise  to  pub- 
lish the  evidence  even  though  at  present  it  falls  short  of  absolute 
demonstration. 

Present  Rock  Classification. 

Kemp  has  recently  published  the  following  scheme  of  classi- 
fication for  the  rocks  of  the  eastern  Adirondacks,'*'  as  the  best 
that  can  be  done  with  our  present  knowledge  of  the  district. 
With  the  exception  here  discussed,  the  writer  fully  agrees  with 
his  generalization. 

The  series  is  as  follows,  commencing  at  the  bottom  : 
I.   ''A  gneiss  series,  usually  laminated,  but  at  times  quite 
massive.     The   gneisses  almost  always    contain   quartz.     The 

•J.  p.  Kemp,  Rep.  N.  Y.  State  Geol..,  1893,  Vol.  I.,  p.  144. 
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dark  silicate  is  variable  and  frequently'  lacking.  The  orthoclase 
is  almost  invariably  micropertbitic.  The  rocks  of  this  series 
contain  the  workable  iron  ores." 

II.  ''A  series  of  crystalline  limestones  and  ophicalcitcs,  black 
homblende-pyroxenic  schists  and  thinly  laminated  garnetifer- 
ous  gneisses." 

III.  ''A  series  of  rocks  of  the  gabbro  family,  ranging  from 
pure  aggregates  of  labradorite  through  varieties  with  increasing 
amounts  of  dark  silicates  to  basic  olivine  gabbros.  The  rocks 
of  this  series  contain  the  titaniferous  iron  ores." 

IV.  "A  series  of  Palseozoic  sedimentary  rocks,  whose  oldest 
member  is  the  Potsdam  sandstone  and  whose  latest  member 
thus  far  identified  is  the  Utica  slate." 

Y.  ^*A  subordinate  series  of  igneous  rocks  that  now  form 
dikes,  and  one  notable  laccolite,  and  that  are  later  than  the 
Utica  slate.  These  consist  of  "  trachyte  "  (bostonite)  and  of 
basic  dikes,  mostly  diabase." 

Proposep  Change  in  the  Classification. 

The  contention  of  this  paper  is  that  there  should  be  inserted 
between  III.  and  IV.  of  the  above  classification  a  sub-division, 
as  follows : 

A  subordinate  series  of  igneous  rocks  that  now  form  dikes, 
that  followed  after  the  dynamic  metamorphism  of  the  first  three 
series  and  antedated  the  beginning  of  deposition  of  series  IV., 
and  that  in  their  typical  development  consist  of  diabase. 

And  furthermore,  that  from  the  description  of  series  V.  the 
word  diabase  be  stricken  out,  and  that  the  last  sentence  of  this 
description  be  made  to  read  that  these  consist  of  "  trachyte  " 
(bostonite),  and  of  basic  dikes,  mostly  camptonites  and  mon- 
chiquites. 

The  Dikes. 

Description, — The  various  rock  species  which  the  dikes  fur- 
nish have  been  recently  so  fully  described  by  Kemp  and  Mar- 
sters*  that  any  extended  description  of  them  here  seems  super- 
fluous. A  group  of  acidic  dikes  of  trachytic  habit  occurs  to 
which  the  name  bostonite  has  been  applied.  By  far  the  greater 
number  of  the  dikes  are  quite  basic,  and  are  called  diabases,  camp- 
tonites, monchiquites  or  fourchites,  according  to  variations  in 
mineral  content  and  in  structure. 

Distribution. — Perhaps  the  earliest  impression  to  be  gained 
concerning  the  distribution  of  the  dikes  is  that  they  are  found 
more  frequently  cutting  the  Pre-Cambrian  series  than  the  Pa- 

*  Boll.  U.  S.  Geol.  Sury. 

Transactions  N.  Y.  Acad.  Sci.,  Vol.  XV.,  Sig.  17,  Sept  26, 1896. 
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Iseozoic  rocks.  During  a  portion  of  the  past  three  summers  the 
writer  has  been  at  work  in  Clinton  county,  and  has  completed  a 
preliminary  survey  of  the  county  and  studied  some  parts  in  great 
detail.  During  the  progress  of  the  work  102  dikes  have  been 
mapped,  and  these  can  constitute  but  a  small  proportion  of  those 
which  reall}"^  exist.  In  addition  to  these,  12  dikes  have  been 
described  from  the  county  by  Kemp*,  and  two  by  Eaklef, 
which  the  writer  has  not  seen,  making  a  total  of  116  dikes  known 
in  the  county.  Out  of  this  large  number  only  five  cut  the  Pa- 
Iseozoic  rocks,  yet  these  latter  fotm  the  surface  rocks  over  more ' 
than  half  the  county  ,and  moreover  the  half  in  which  the  expo- 
sures are  easily  accessible  and  in  which  the  detailed  work  has 
been  done.  It  should  be  noted  that  this  discrepancy  is  by  no 
means  as  marked  in  Essex  county,  just  to  the  south,  for  more 
dikes  are  recorded  there  cutting  the  Palseozic  series  and  the  pro- 
portionate amount  of  territory  underlaid  by  that  series  is  vastly 
less. 

Distribution. — When  the  dikes  are  studied  and  classified 
another  fact  is  brought  out.  Of  the  116  dikes  known  in  Clinton 
county,  11  are  bostonites,  2  camptonites,  3  monchiquites,  and  the 
remaining  100  are  diabases^  though  these  latter  vary  toward  the 
camptonites  and  monchiquites,  and  some  of  them  show  abnormal 
features.  The  diabase  dikes  far  outnumber  all  the  rest,  and  are 
confined  to  the  Pre-Cambrian  rocks.  A  tabulation  of  the  dikes 
described  by  Kemp  from  Essex  county,  and  from  the  Vermont 
shore  of  Lake  Champlain,  brings  out  the  same  features.];  58 
dikes  are  noted  from  Essex  county,  of  which  48  are  diabases,  all 
of  which  cut  the  Pre-Cambrian  rocks.  45  dikes  are  recorded 
f^om  the  Vermont  shore,  all  in  Palseozic  rocks,  and  of  these  but 
one  has  been  recorded  as  being  of  diabase.§  This  latter  is  of  es- 
pecial interest  as  being  the  only  recorded  instance  in  the  district 
of  a  dike  of  well-marked  diabase  cutting  rocks  more  recent  than 
the  gabbo.  The  bostonites  are  found  cutting  everything  from  the 
gneiss  of  series  I.  to  the  Utica  slate  at  the  summit  of  series  V. 

The  distribution  of  the  more  basic  dikes  is  puzzling.  Of  the 
non-feldspathic  fourchite-monchiquite  series  but  a  single  dike  is 
known  in  the  Pre-Cambrian  rocks,  viz.,  the  dike  of  fourchite 
found  by  Kemp  in  the  gabbro  of  Bouquet  mountain,  Essex 
county.  But  the  total  number  of  these  dikes  known  f^om  the 
New  York  side  of  the  lake  is  not  large,  all  those  described  by 
Kemp,  with  the  exception  above  noted,  being  found  in  Vermont. 

•J.  F.  Kemp.  BuU.  107.  U.  8.  Geol.  Surv. 
■      fA.  8.  Eftkle.    Am.  Geol..  July,  1R93.  pp.  8l>8d. 

t  Bull.  107.  U.  8.  Gcol.  Surv.,  pp.  64-60.  Those  deacribed  since  the  appearance  or 
the  bulletin  merely  increase  the  number  of  diabase  dikes. 

g  Bull.  107.  U.  S.  Geol.  Surv.  p.  48. 
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The  typical  camptonites  are  apparently  confined  to  the  Palaeo- 
zoic rocks.  This  peculiarity  of  distribution,  coupled  with  the 
close  agreement  in  chemical  composition  between  the  diabaseB 
and  the  camptonile  sand  with  the  fact  that  they  seem  to  grade 
into  one  another  lead  Kemp  to  the  idea  that  the  difference  be- 
tween the  two  were  due  mainly  to  variations  in  the  physical 
<;onditions  under  which  solidification  took  place.*  Under  the 
circumstances  it  becomes  a  difficult  matter  to  decide  whether 
any  of  the  Pre-Cambrian,  camptonite-like  diabases  should  be 
<^lassed  with  these  later  camptonites  or  not.  We  certainly  should 
expect  to  find  them,  or  their  representatives,  in  the  earlier  rocks, 
unless  we  accept  the  notion  that  the  diabases  in  toto  are  their 
representatives,  thus  precluding  two  periods  of  dike  formation. 
Not  only  are  the  diabase  dikes  more  abundant,  but  they  are 
far  more  widespread  than  the  others.  As  work  is  pushed  west- 
ward into  the  Adirondacks,  they  are  everywhere  found.  The 
other  dikes  seem  however  to  have  had  their  main  centre  of  ac- 
tivity in  western  Vermont,  and  to  decrease  rapidly  in  number 
going  north  and  west. 

Their  Scarcity  north  of  the  Adirondacks, — In  order  to  fully 
•demonstrate  the  existence  of  a  Pre-Cambrian  period  of  dike 
formation  in  the  region  under  discussion,  it  will  be  necessary  to 
find  dikes  which  are  cut  off  by  the  Potsdam  sandstone,  such  as 
have  been  recently  described  by  Smythf  from  the  Thousand 
Islands.  Such  a  case  has  not  yet  been  met  with.  During  the 
past  field  season  the  writer  mapped  the  Potsdam — Pre-Oambrian 
boundary  from  Lake  Cham  plain  west  to  the  Franklin  county 
line,  along  the  noi*thern  edge  of  the  Adirondacks.  Along  the 
entire  distance  no  actual  contact  between  the  two  rock  series 
was  seen,  though  in  several  instances  gneiss  or  gabbro  and  coarse 
basal  conglomerates  were  found  within  a  few  feet  of  one  another. 
Though  in  this  respect  the  work  was  disappointing,  it  was  during 
its  progress  that  the  idea  of  two  periods  of  dike  formation 
changed  from  a  working  hypothesis  into  a  matter  of  conviction. 
The  boundary  here  has  a  very  different  character  from  that  along 
Lake  Ohamplain.  From  the  outlying  gneissic  ridges  a  high 
level  plain  slopes  away  toward  the  St.  Lawrence  valley,  occupy- 
ing all  the  northern  part  of  Clinton  and  Franklin  counties  and 
a  great  area  in  Canada,  with  nearly  horizontal  Potsdam  sand- 
stone as  the  surface  rock  throughout,  and  with  coarse  basal  con- 
glomerates invariably  appearing  in  force  as  the  contact  is 
approched.  Along  the  lake  on  the  contrary  there  is  a  much 
faulted  strip,  the  descent  to  which  from  the  outlying  ridges  of 

•  Bull.  107.  U.  8.  Geol.  Surv.  p.  27. 

to.  H.  Smyth,  Jr.,  Trans*  N.  Y.  Acad.  Sei,  Vol.  XHI.,  pp.  209-214. 
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the  older  rocks  is  in  the  main  quite  abrupt;  in  which  within 
short  distances  the  Potsdam  may  be  found  in  patches  at  heights 
varying  from  the  lake  level  flOl'  A.  T.)  to  1500' ;  in  which  it  is 
not  always  the  Potsdam  that  is  in  contact  with  the  older  rocks'; 
in  which  basal  conglomerates  are  infrequent,  and  in  which  a 
large  number  of  the  contacts  are  unquestionably  due  to  fault- 
ing ;  in  which  therefore  decisive  evidence  as  to  the  age  of  the 
dikes  would  not  be  likely  to  be  forthcoming.  But  the  evidence 
on  the  north  is  most  important. 

All  along  the  northern  contact  line  dikes  are  of  frequent  oc- 
currence in  the  older  rocks,  and  as  abundant  close  to  the  con- 
tact as  isiway  from  it.  In  the  wide  expanse  of  Potsdam  country 
north  of  the  contact  not  a  single  dike  has  been  noted,  though  a 
careful  watch  was  kept  for  them,  and  exposures  are  frequent 
and  often  of  great  areal  extent,  as  in  the  Flat  Rock  district,  in 
Altona  township.  In  the  absence  of  an}'^  specific  case  of  a  cut- 
off, this  evidence  seems  very  strongly  to  point  to  the  pre-Pots- 
dam  age  of  the  dikes  in  the  older  rocks. 

Summary. 

A  pre-Cambrian  as  well  as  a  post-Ordovician  period  of  dike 
formation  in  the  Adirondacks  and  along  Lake  Champlain  is 
rendered  probable  because  of  (1)  the  much  larger  number  of 
dikes  occurring  in  the  pre-Cambrian  rocks ;  (2)  the  fact  that  the 
great  propoi*tion  of  the  dikes  so  occurring  are  of  diabase,  while 
diabase  dikes  are  not  found  outside  of  the  pre-Cambrian  areas, 
and  have  a  much  wider  distribution  than  the  other  dikes  which 
do  so  occur ;  (3)  the  fact  that  along  the  line  of  contact  of  the 
Potsdam  with  the  older  rocks  north  of  the  Adirondacks  the 
quite  plentiful  diabase  dikes  in  the  older  rocks  are  apparently^ 
out  off  by  the  Potsdam. 

Western  Reserve  University, 

March  25,  1896. 


THE    STRATIGRAPHICAL  RELATIONS   OF   THE 
BROWN'S  PARK  BEDS   OF   UTAH. 

By  John  Duer  Irving,  A.  B. 

(Read  May  18, 1896.) 

Until  a  comparatively  recent  date  the  science  of  vertebitite- 
palseontology  was  based  largely  on  the  study  of  fossils  obtained 
from  European  and  other  foreign  localities*    Between  1871  and 
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1873,  however,  the  investigations  begun  by  Leidy,  Marsh  and 
Oope  in  the  Tertiary  lake  basins,  which  form  so  prominent  & 
feature  in  the  geology  of  the  western  interior,  revealed  the 
presence  of  vertebrate  fossils  on  the  American  continent.  A 
further  study  of  these  fossils  showed  them  to  be  of  great  scien- 
tific value,  and  many  paleontologists  turned  their  attention  to 
their  collection  and  study.  This  gave  a  great  impetus  to  the 
science  of  vertebrate  palaeontology,  and  led  to  the  discoveries 
of  Cope,  Marsh,  Osborn,  Scott,  Wortman  and  many  others,  at 
the  same  time  resulting  in  a  thorough  and  exhaustive  study  of 
the  faunal  relations  and  geology  of  the  various  members  of  the 
western  Tertiary.  The  White  River  Miocene  of  South  Dakota, 
the  John  Day  beds  of  Oregon,  the  Deep  River  beds  of  Montana, 
the  Bridger  and  Washakie  basins  of  southern  Wyoming,  the' 
Uintah  beds  of  Utah — all  these  were  thoroughly  searched  and 
explored  by  the  fossil  gatherers.  No  Tertiary  was  left  utiex-' 
plored,  and  palaeontologists  were  eager  to  find  fresh  fields  for 
discovery.  It  was  thus  natural  that  their  attention  should  be 
attracted  by  a  series  of  shales  situated  in  northern  Utah,  at  the 
•eastern  extremity  of  the  Uintah  Mountains,  a  formation  that 
had  been  for  a  long  time  known  to  geologists,  but  one  which 
they  had  not  as  yet  been  able  to  identify.  I  refer  to  the  beds 
known  under  the  name  of  Brown's  Park.  A  thorough  search  of 
these  beds  was  then  made,  for  it  was  thought  that,  as  they  were 
of  an  entirely  different  nature  from  any  Tertiary  in  the  region, 
such  vertebrate  remains  as  might  be  there  discovered  would 
prove  to  be  of  great  scientific  value. 

The  result  was — and  it  is  this  fact  perhaps  that  has  been  the 
cause  of  the  many  conflicting  opinions  concerning  the  beds — 
that  as  a  source  of  vertebrate  fossils  the  Brown's  Park  was  an 
absolute  failure.  The  formation  is  throughout  entirely  barren. 
Not  only  have  the  bones  of  mammals  not  yet  been  discovered, 
but,  with  the  exception  of  a  few  mollusca,  not  even  an  inverte- 
brate. 

As  a  geological  question,  however,  in  propoition  as  their  bar- 
renness has  become  more  evident,  the  interest  in  the  beds  has ' 
increased,  and  it  is  the  purpose  of  this  paper  to  set  forth  a  few 
of  the  more  important  facts  connected  with  them. 

Geographically  considered  the  formation  is  situated  in  north- 
eastern Utah  at  the  eastern  extremity  of  the  Uintah  Mountains. 
The  Oreen  River  which  is  the  great  drainage  factor  of  this  part 
of  the  country  flows  south  through  southern  Wyoming,  cuts 
into  the  edge  of  the  Uintah  fold  and  takes  a  sharp  bend  to  the 
east.  It  pursues  this  easterly  course  for  some  50  miles,  and 
finally  sweeps  around  to  the  south  again,  crosses  the  axis  of  the 
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Uintahs  and  emerges  into  the  low  lands  of  the  Uintah  Yallej. 
It  is  a  valley  along  the  eastern  portion  of  this  bend  in  Green 
River  that  has  received  the  name  of  Brown's  Park.  (See  Plate 
XVIII.) 

Along  the  axis  of  the  Uintah  Mountains,  which  have  a  nearly 
east  and  west  tend,  is  exposed  the  hard,  metamorphosed  sand- 
stone, known  sa  the  Weber  quartzite  or  Uintah  sandstone.  At 
the  eastern  extremity  of  the  range  this  exposure  divides,  send- 
ing out  two  long,  eastwardly  projecting  spurs,  one  of  which 
passes  along  the  northern,  the  other  along  the  southern  border 
of  Brown's  Park  valley.  Of  these  the  southern  is  by  far  the 
broadest  and  forms  the  real  axis  of  the  range,  while  it  is  at  the 
same  time  much  the  longer  of  the  two.  We  have  thus  a  roughly 
outlined  valley  somewhat  resembling  the  letter  U,  tilted  on  one 
side  with  its  open  end  towards  the  east  and  the  upper  arm  some- 
what  shorter  than  the  lower. 

Across  the  open  end  of  the  U  runs  the  low  divide  that  sepa- 
rates the  drainage  areas  of  the  Green  and  Little  Snake  rivers, 
while  between  this  divide  and  the  upper,  shorter  arm  flows  Yer- 
milion  Creek,  a  stream  which  must  have  played  no  inconsider- 
able part  as  a  silt  bearer  in  the  formation  of  the  Brown's  Park 
beds. 

To  the  north  of  the  mountains  lie  the  Bridger  and  Washakie 
basins,  where  the  entire  series  of  Eocene  tertiaries  are  exposed, 
but  most  noticeably  the  beds  of  the  Bridger  epoch.  These  two 
basins  are  drained,  the  one  by  the  Green  river  and  the  other  by 
Yermilion  creek  and  it  seems  probable  that  these  formations 
furnished  much  of  the  material  of  which  the  beds  in  Brown's 
Park  are  composed. 

The  last  named  beds  themselves  come  in  contact  with  two 
formations  in  the  valley  and  perhaps  a  third  at  the  open  end. 

The  first  is  the  Weber  quartzite  before  mentioned  and  it  is 
directly  against  the  eroded  flanks  of  this  hard  rock  that  the 
Brown's  Park  is  seen  to  rest. 

The  second  is  a  narrow  strip  of  Green  river  shales  which 
sweeps  around  the  upper  arm  of  the  valley  and  runs  along  its 
northern  edge,  forming  what  is  known  as  0-wi-yu-puts  Plateau. 
These  shales  dip  to  the  south  from  18^  to  25^  and  can  be  seen 
passing  unconformably  under  the  Brown's  Park. 

The  third  formation  is  perhaps  a  portion  of  the  Green  river 
shales  or  it  may  be  another  and  later  tertiary.  It  forms  the 
divide  between  the  drainage  areas  of  Little  Snake  river  and  Yer- 
milion creek,  which  we  shall  for  convenience  call  the  Snake 
river  divide.  This  divide  is,  however,  so  covered  by  accumula- 
tions of  soil  that  the  true  relations  of  the  beds  within  the  park 
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and  those  to  the  southeast  could  not  be  made  out.  It  has  been 
.supposed  by  some  geologists  that  the  Brown's  Park  group  sad- 
dled across  this  divide  and  extended  far  to  the  southeast,  but 
the  different  lithological  character  of  the  beds  there  exposed,  as 
well  as  their  resemblance  to  the  Oreen  river  shales,  seems  to  in- 
validate such  a  theory. 

*  LitJiologiccU  Characters, — The  lithological  characteristics  of 
tl^  Brown's  Park  are  exceedingly  peculiar  and  are  entirely  dif- 
ferent from  those  of  any  other  tertiary  in  the  region.  The  most 
characteristic  strata  are  composed  of  a  very  soft,  friable,  silicioua 
silt,  everywhere  thinly  bedded  and  throughout  highly  calcareous* 
They  differ  entirely  from  those  of  the  Bridger  group  to  the  north 
of  the  mountains  and  the  Uintah  to  the  south,  in  containing 
comparatively  little  clay  and  being  everywhere  very  soft.  The 
Bridger  is  characterized  by  a  grayish  or  greenish  tinge  and  the 
.Uintah  by  a  prevailing  brownish-red  color,  whilst  the  Brown's 
Park  is  always  white.  The  most  important  difference,  however, 
is  in  the  texture. 

All  the  Eocene  formations  in  the  Green  River  Basin  contain, 
besides  their  softer  strata,  seams  of  a  hard  compact  sandstone 
of  either  a  deep  green,  brown  or  yellow  color.  These  seams 
never  appear  in  any  part  of  the  Brown's  Park  beds.  The  latter 
are  everywhere  the  same,  soft,  friable  mass  which  crumbles 
easily  in  the  fingers  and  offers  almost  no  resistance  to  erosion. 
For  so  soft  a  formation,  indeed,  the  beds  are  eroded  surprisingly 
little,  and  one  is  tempted  to  wonder,  on  entering  the  park,  how 
beds  of  such  a  nature  could  have  withstood  the  degrading  forces 
of  nature  for  so  long  a  time.  Beds  of  conglomerate  also  occur, 
but  these  are  confined  to  the  edges  of  the  valley,  and  since  they 
are  composed  almost  wholly  of  quartzite  pebbles  were  obviously 
derived  from  the  surrounding  cliffs  of  Weber  quartzite. 

Geological  Age. — In  regard  to  the  geological  age  of  the  beds 
great  difference  of  opinion  has  prevailed.  King,  in  studying 
them,  did  not  venture  to  assign  them  to  an;,-  age.  He  remarks  :* 
"  The  area  enclosed  between  Vermilion  Bluffs,  Brown's  Peak, 
•  the  Escalante  Hills  and  Snake  River  is  one  in  which  the  rela- 
tions of  the  Tertiary  are  involved  in  much  obscurity.  It  is  a 
region  which  has  suffered  extensive  faults  and  extraordinary 
erosion  and  is  for  the  most  part  largely  covered  by  deep  accu- 
mulations of  soil.  It  is  certain  that  at  some  point  in  Vermilion 
Bluffs  the  Green  River  strata  occupy  the  surface,  and  we  are 
unable  to  observe  any  break,  from  Vermilion  Bluffs  southeast- 
ward into  Brown's  Park.  The  rocks  in  Brown  Park  are  also  in 
great  measure  covered  by  local  accumulations  of  soil.    Through- 

*  U.  8.  Geological  Exploration  of  the  Fortieth  Parallel,  page  384. 
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out  the  southern  part  of  the  valley,  wherever  exposed,  the  Terti* 
aries  are  seen  to  be  approximately  horizontal  and  to  be  com- 
posed of  soft  friable  beds.  Along  the  north  wall  of  the  valley, 
however,  there  is  a  sharp  break  and  the  Tertiary  rocks  which 
come  to  the  surface  lie  immediately  against  the  quartzltic  sand- 
stones of  the  plateau  and  dip  to  the  south  at  an  angle  of  25^. 
They  arcof  a  rather  coarse,  grltt}*^  character,  containing  many 
pebbles,  and  are  prevailingly  calcareous.  They  are  unlike  any 
Tertiary  in  the  region  ;  but  from  their  calcareous  nature,  the  fact 
of  their  being  upturned  at  so  high  an  angle,  and  their  apparent 
connection  with  the  series  which  sweeps  around  the  eastern  end 
of  0-wi  zu-kuts  Plateau,  they  are  assigned  by  Mr.  Emmons  to 
the  Green  River  age.  There  seems  to  be  a  decided  difference 
between  the  strata  which  are  seen  uptilted  along  the  base  of 
0-wi-zu-kuts  Plateau  and  the  soft,  white,  friable,  horizontal  beds 
of  the  valley  itself,  which  are  seen  to  extend  eastward  well  to- 
wards the  divide,  separating  the  valley  of  Vermilion  Creek 
from  that  of  Little  Snake  River.  It  is  not  improbable  that  there 
are  two  distinct  members  here — the  Green  River,  which  is  seen 
inclined  along  the  northern  edge  of  the  park,  and  a  more  recent 
horizontal  member  assigned  to  a  special  group  by  Powell  and 
which  overlies  the  beds  we  have  referred  to  the  Green  River 
age. 

S.  F.  Emmons'*'  classed  the  whole  series  as  Green  River  shales; 
but  he  seems  to  be  more  uncertain  than  King  as  to  their  real 
geological  honzon,  for  he  says:  *' There  is  a  possibility  also 
that  the  upper  beds  of  Brown's  Park,  which  have  been  colored 
as  Green  River  Eocene  on  the  map,  may  prove,  on  further  in- 
vestigation, to  be  of  Pliocene  age." 

He  further  states  in  a  foot-note :  "  Since  the  above  was  writ- 
ten it  has  been  reported  that  fossils  of  a  Pliocene  type  have 
been  found  in  the  Tertiary  beds  of  Brown  Park." 

Charles  A.  White,t  ^^^  ^^^  most  recently  studied  this  region, 
regarded  the  whole  series  as  equivalent  to  the  Uintah  or  latest 
Eocene  beds  which  are  exposed  to  the  south  of  the  mountains. 
He  '  further  colors  the  beds  on  the  map  accompanying  his 
report  as  extending  far  to  the  southeast  along  the  Yampah 
River.  He  has,  however,  advanced  no  facts  to  support  his  theory 
concerning  their  age  and  seems  to  be  somewhat  undecided  in 
the  matter.  I  will  quote  what  he  has  to  say  on  the  subject  :J 
"  The  Tertiar}'  strata  of  this  district  are  divided  into  four 
groups.     The  three  lower  ones  are  usually  referred  to  the  Eocene 

•U.  S.  Geological  Exploration  of  the  Fortieth  Parallel.  Vol.  IL,  p.  205. 
tU.  8.  Geological  Exploration  of  Fortieth  Parallel,  Vol.  II.,  page  224. 
X  U.  S.  Geological  Survey.    Ninth  Annual  Report,  page  690. 
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without  hesitation,  while  the  upper  (meaning  the  Brown's  Park) 
is  sometimes  referred  to  the  Eocene,  sometimes  to  the  Miocene 
and  sometimes  to  the  Pliocene."  "  The  Brown's  Park  group  is 
regarded  as  equivalent  to  the  Uintah  group  of  King.  The  latter 
name  was  given  by  King  to  those  strata  of  the  group  that  occur 
on  the  south  side  of  the  eastern  end  of  the  Uintah  Range;  but 
he  did  not  recognize  those  upon  the  north  and  east  as  being  dif- 
ferent from  the  Green  River  group.*  He  then  describes  the 
beds  and  notes  their  non-conformity  with  those  formations  with 
which  the}'  come  in  contact.  This  is  all  he  has  to  say  concerning 
them.     He  does  not  say  why  he  has  classed  them  as  Uintah. 

In  the  face  of  so  many  conflicting  opinions,  it  has  been  diflfl- 
•cult  to  arrive  at  any  conclusion  as  to  the  true  geological  age  of 
the  Brown's  Park,  and  it  was  partly  with  a  view  to  obtaining 
some  fossils  that  would  definitely  settle  the  question  that  a 
party  from  the  American  Museum  of  Natural  History  entered 
the  park  during  the  past  summer.  A  week's  diligent  search, 
howqver,  failed  to  reveal  the  presence  of  a  single  fossil,  verte- 
brate or  invertebrate,  with  the  exception  of  a  few  small  frag- 
ments of  bone  that  were  not  large  enough  for  identification. 
These  fragments  were,  nevertheless,  carefully  examined  by  Dr. 
Wortman,of  the  Museum,  and  he  is  of  the  opinion  that  from  the 
<;ondition  of  the  bone  it  could  not  have  been  deposited  earlier- 
than  the  Pliocene  or  at  most  the  Loup  Fork  Miocene.  This 
•coincides  with  the  views  of  King  and  Emmons  which  I  have 
quoted,  and  certainlj'  seems  to  invalidate  the  supposition  of 
White  that  the  beds  are  of  Eocene  age. 

Regarding  the  southeastern  extension  of  the  beds,  it  is  to  be 
observed  that  the  relations  of  the  portion  included  in  Brown's 
Park  Valley  and  that  to  the  southeast  of  the  Snake  River  divide 
are  much  obscured  by  local  accumulations  of  soil.  It  seems, 
however,  probable,  as  has  been  already  observed,  that  we  have 
here  two  distinct  formations :  one  composed  of  the  white  silicious 
beds,  which  occur  in  Brown's  Park,  and  are  apparently  of  a  much 
later  age  than  any  Tertiary  heretofore  observed  in  the  Green 
River  Basin ;  the  other  comprising  the  more  coarsely  bedded* 
and  darker  shales  to  the  southeast.  The  latter  so  strongly  re- 
semble the  Green  River  Shales  that  they  were  not  differentiated 
b}'  King  nor  Emmons,  and  it  seems  not  improbable  that  they 
may  belong  to  that  group*  This,  however,  is  an  open  question, 
and  until  a  closer  study  has  been  made  than  it  was  the  writer's 
fortune  to  bestow  upon  it,  any  positive  statement  would  be 
premature. 

•LocCit.,  page  691. 
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The  important  points  of  this  discussion  may  then  be  summed 
up  as  follows : 

First,  The  formation  in  Brown's  Park  Yalley  is  lithologically 
different  fVom  that  to  the  southeast. 

Second.  The  southeastern  portion  resembles  the  Oreen  River 
Shales. 

Third.  The  Brown's  Park  is  softer  and  more  friable  than  any 
Eocene  Tertiary  yet  observed,  and  is  surprisingly  little  eroded 
for  even  a  Pliocene  formation. 

Fourth.  The  fragments  of  bone  discovered  were  not  deposited 
earlier  than  the  Loup  Fork  Miocene. 

From  these  facts  it  may  be  inferred  that  the  beds  in  Brown's 
Park  Valley  represent  a  Pliocene  Lake,  which  was  included  be* 
tween  two  steep  quartzitic  cliffs  and  stretched  east  only  as  far 
as  the  Snake  River  divide. 

Having  assigned  the  beds  to  the  Pliocene,  the  question  natu- 
rally arises :  How  can  we  account  for  the  presence  of  these  beds 
— isolated  in  position  and  distinct  in  character  from  any  Ter- 
tiary ip  the  region— and  yet  lying  directly  along  the  course  of 
the  great  drainage  factor  of  the  country,  Green  River?  If  they 
were  deposited  in. a  lake  that  did  not  exist  until  all  the  other 
Tertiary  lakes  had  disappeared,  how  do  we  account  for  the 
appearance  and  later  the  subsidence  of  this  Pliocene  lake  ?  The 
explanation  lies  in  the  peculiar  physiographic  position  of  the 
sediment.  It  lies,  as  previously  stated,  in  the  U-shaped  valley 
formed  by  the  two  eastwardly  projecting  spurs  of  Weber  quartz- 
ite  that  form  the  inceptive  portion  of  Uintah  fold.  The  Green 
River  cuts  into  the  fold  at  Horseshoe  Canon,  some  30  miles 
to  the  west  of  the  valley,  flows  east  in  a  deep  canon  along  the 
edge  of  the  quartzite  and  emerges  into  the  park  at  the  vertex  of 
the  U.  Thence  it  runs  along  the  low  valley  for  some  twenty 
miles  only  to  sweep  around  to  the  south  and  again  enter  the 
quartzite  by  the  Canon  of  Lodore,  one  of  the  boldest  and  deep- 
est canons  of  the  Rockies. 

It  is  a  fact  no  longer  disputed  that  these  deep  cafions  in  the 
quartzite  by  which  the  river  crosses  the  mountains  were  first 
established  in  the  softer  overlying  formations  and  that  these 
formations  furnished  much  of  the  corrasive  material  by  means 
of  which  the  harder  rocks  were  cut  away.  As  long  as  the  river 
had  onlj'  these  soft  rocks  to  deal  with,  the  forces  of  erosion  and 
elevation  balanced  each  other,  and  the  bed  of  Lodore  Cafion  re- 
mained upon  the  same  level  as  the  bottom  of  the  valley.  But 
somewhere  near  the  close  of  the  Miocene  the  forces  no  longer 
balanced  each  other.  The  greater  resistance  of  the  hard  crystal- 
line quartzite,  combined  with   the  gradual  elevation,  prevailed 
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over  the  erosion ;  and  the  bottom  of  Lodore,  which  formed  the; 
only  outlet  to  the  park,  rose  many  feet  above  the  valley,  bank- 
ing up  the  waters  of  the  river  into  a  lake. 

Slowly  this  lake  increased  in  size  and  stretched  out  over  the 
valley  of  Brown's  Park  until  the  gradual  cessation  of  those  ero- 
genic movements  that  elevated  the  Uintah  range  again  threw 
the  balance  on  the  side  of  erosion,  causing  the  lake  aA  slowl^^  to 
subside  and  disappear.  It  may  at  firot  seem  strange  that  a  simn 
ilar  damming  of  the  river  did  not  take  place  at  Horseshoe  Cafion 
where  the  Green  River  enters  the  fold ;  but  an  explanation  of 
this  lies  in  the  relative  position  of  the  two  cations.  That  by 
which  the  river  enters  the  park  lies  on  the  edge  of  the  fold ;  its 
exit,  on  the  other  hand,  cuts  directly  through  the  axis  of  the 
mountain.  It  is  evident  at  a  glance  that  the  point  where  the 
river  first  began  to  cut  into  the  quartzite  was  in  this  axis,  /.  e.^ 
in  the  point  of  earliest  elevation.  Therefore  the  erosion  in  the> 
long  cafion  on  the  edge  of  the  fold  would  have  had  only  the 
uppermost  and  least  crystalline  strata  to  deal  with  when  Lodore 
had  already  penetrated  far  within  the. hard,  metamorphosed  core 
of  the  formation. 

It  is  here  that  the  importance  of  our  observations  concerning 
the  dip  of  the  beds  in  the  valley  becomes  apparent.  The  *per- 
feet  horizontality  of  the  Brown's  Park  beds  throughout  their 
entire  extent  shows  that  it  was  not  until  the  elevation  had 
ceased  that  Lodore  was  again  cut  down  to  its  old  level  and  the 
waters  of  the  lake  allowed  to  escape. 

The  sharp  dip  to  the  south  of  the  exposures  of  Green  River 
Shales  on  the  northern  edge  of  the  park,  on  the  other  hand, 
shows  that  they  were  involved  in  the  fold  and  that  the  elevation 
must  have  continued  long  after  the  Green  River  Lake  had  become 
a  thing  of  the  past. 

Columbia  College,  May,  1896. 

Explanation  of  Plate. 

Plate  XYIII.  Geological  Maps  of  the  Bei^on  about  Brown's  Park,  Utah. 
The  geogmifthy  is  baMd  on  the  map  by  C.  A.  White,  in  the  Ninth  Annual 
Beport  of  the  Director  of  the  U.  S.  Geological  Survey. 
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THE  GENETIC  RELATIONS  OF  CERTAIN  MINERALS 
OF  NORTHERN  NEW  YORK. 

By  C.  H.  Smyth,  Jr. 

To  mineralogists  few  locality  names  are  more  familiar  than 
those  of  the  northwestern  portion  of  the  Adirondack  area  of 
crystalline  rocks,  comprising  parts  of  St.  Lawrence,  Jefferson 
and  Lewis  counties,  N.  Y.  Every  large  collection  contains 
numerous  specimens  representing  these  localities;  while  their 
importance  is  further  demonstrated  by  abundant  descriptions, 
analyses  and  figures  in  mineralogical  text-books  and  in  various 
journals.  In  this  literature  much  information  Is  given  as  to  the' 
crj^stallographic,  physical  and  chemical  characteristics  of  the 
different  minerals;  but  little  has  been  published  as  to  their 
origin  and  associations.  The  present  paper  is  concerned  with 
this  latter  phase  of  the^  subject,  being,  however,  only  a  brief 
consideration  of  a  few  special  cases,  rather  than  a  comprehensive' 
survey  of  the  entire  field.  It  is  hoped  that  future  study  may 
afford  the  basis  for  a  more  extended  account  of  the  mineral  oc- 
currences, with  their  classification  upon  a  genetic  basis ;  but  at 
present  the  available  data  are  insufficient  for  this  purpose. 

It  seems  rather  surprising  that  this  line  of  investigation  has 
not  been  previously  followed  up,  as  the  minerals  have  been  so 
long  and  so  widely  known.  But  the  same  might  be  said  of  many 
other  localities,  and  is  to  be  explained  by  the  fact  that  mineralo^ 
gists  so  generally  confine  their  studies  to  the  laboratory,  while 
geologists  devote  their  attention  chiefly  to  minerals  of  .petrologic 
or  economic  importance.  Perhaps,  however,  the  most  potent  cause 
for  the  neglect  of  this  field  lies  in  the  fact  that  in  so  many  cases 
the  data  obtainable  are  insufficient  to  afford  a  satisfactory  ex- 
planation of  the  origin  of  the  minerals.  As  a  result  of  these 
combined  causes,  many  occurrences  remain  unstudied  that  might 
shed  much  light  upon  the  questions  of  mineral  association  and 
genesis; 

The  localities  here  considered  belong  to  a  class  interesting  to 
geologists  and  mineralogists  alike,  as  they  are  important  in 
shedding  light  upon  some  phases  of  the  geological  history  of 
the  region,  while,  at  the  same  time,  they  afford  a  rich  field  for 
mineralogical  study. 

It  is  only  necessary  to  read  Dana's  list  of  the  mineral  locali- 
ties of  the  region  to  find  a  suggestion  of  some  of  the  laws  of 
association  as  well  as  a  clue  to  possible  origin.  Galena,  pyrite 
and,  less  often,  sphalerite,  commonly  occur  together  in  a  gangue 
of  calcite  and  other  carbonates,  pointing  clearly  to  some  kind  of 
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vein  formation.  The  large  maeees  of  hematite  with  minor  car- 
bonates, quartz,  millerite,  etc.,  are  suggestive  of  extensive 
metasomatic  action.  The  widely  diffused  phlogophite.  graphite, 
tremolite,  etc.,  in  the  crystalline  limestone  are  evidently  a  prod- 
uct of  regional  metamorphism.  The  beautiful  tourmaline,  with 
associated  quartz,  pyroxene  and  other  silicates,  may,  with  some 
probability,  be  referred  to  fumarole  action.  But  perhaps  the 
most  striking  association  is  that  found  at  many  localities,  and 
involving  all  or  several  of  the  following  minerals :  pyroxene, 
scapolite,  phlogopite,  titanite,  amphibole,  orthoclase,  albite, 
wollastonite,  graphite,  zircon.  Of  these,  the  first  five  are  ap- 
parently most  common.  For  such  an  association  as  this,  con- 
tact metamorphism  at  once  suggests  itself  as  a  probable  cause. 

But  while  conclusions  drawn  from  a  mere  statement  of  the 
simultaneous  occurrence  of  species  have  a  certain  value  as  in- 
dicating lines  of  investigation,  they  can  not,  of  course,  be  re- 
garded as  anything  but  tentative  until  tested  by  field  study. 
And,  as  a  matter  of  fact,  while  the  field  relations  of  some  locali- 
ties prove  to  be  precisely  what  might  be  predicted  from  a  knowl- 
edge of  the  occurring  minerals,  in  other  cases  the  relations  are 
of  a  doubtful  or  even  contradictory  nature.  It  is  hoped  that 
the  study  of  typical  and  clearly-defined  instances  of  the  different 
classes  of  mineral  occurrences  may  furnish  data  for  the  inter- 
pretation of  the  more  uncertain  cases,  and  for,  at  least,  a  partial 
formulation  of  the  laws  of  association  as  related  to  origin.  For 
the  present,  the  discussion  will  be  limited  to  the  last  group  of 
minerals  referred  to  above,  dealing  first  with  a  few  typical  ex- 
amples and  then  taking  up  some  of  the  doubtful  cases. 

The  chief  locality  in  question  is  mentioned  in  Dana's  list,  being 
on  the  Martin  farm  in  Rossie,  some  two  miles  north  of  the  vil- 
lage. Blasting  has  been  done  here,  so  that  the  minerals  are  well 
shown,  forming  an  irregular  mass  several  yards  in  diameter. 
The  prevailing  minerals  are  pyroxene,  phlogopite,  scapolite,  cal- 
cite  and  titanite,  with  minor  apatite,  tourmaline  and  quartz. 
The  pyroxene  is  in  large  crystals,  two  or  three  inches  in  diame- 
ter, of  a  dark  green  or  black  color.  The  scapolite  is  also  in  larse 
crystals,  with  prisms  of  first  and  second  orders  about  equally 
developed.  The  color  is  generally  gray.  The  composition  is 
probably  near  that  of  wernerite.  The  mica  is  in  large,  irregular 
masses  of  a  very  dark  brown  or  black  color.  The  tourmaline 
is  black,  and  in  small  crystals  not  very  abundant.  The  titanite, 
in  very  small  crystals  of  a  rich  cinnamon  brown  color,  is  mostly 
deposited  upon  the  other  minerals,  with  the  exception  of  the 
coarse  calcite  which  encloses  and  fills  the  cracks .  between  all  of 
the  others.  .1 
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•  As  Stated  above,  this  is  a  grouping  of  miDerals  that  might  be 
regarded  as  probably  of  contact  origin.  At  first  sight,  the  form 
of  the  mineral  deposit  seems  opposed  to  this  explanation,  but 
the  objection  disappears  upon  closer  examination.  For  while 
the  deposit  is  an  irregular  mass,  rather  than  a  clearly-defined 
band  or  zone,  it  is  found  to  be  continuous  with  such  a  zone,  of 
which  it  is  a  local  expansion.  When  the  surrounding  rocks  are 
examined  the  mineral  deposit  and  the  zone  of  which  it  is  part 
are  found  to  lie  between  crystalline  limestone  and  a  rock  of 
totally  different  character,  which,  at  some  points,  would  be  called 
a  gneiss,  while,  at  others,  it  has  more  the  aspect  of  a  massive 
rock,  though  the  gneissoid  structure  is  seldom  entirely  lacking. 
.  The  occurrence  of  the  minerals  upon  such  a  contact,  when 
taken  in  conjunction  with  their  nature,  is  highly  suggestive  of 
their  formation  by  contact  metamorphism ;  and  that  such  is 
actually  the  case  is  thoroughly  demonstrated  both  by  the  struc- 
tural relations  of  the  rocks  in  the  field  and  by  the  character  of 
the  gneissoid  rock  as  revealed  by  the  microscope.  This  rock 
forms  rather  thin  sheets  or  beds  in  the  limestone,  presenting 
much  the  aspect  of  interstratified  layers;  and  this,  with  the 
gneissoid  character,  at  first  leads  to  the  idea  that  the  rock  is  a 
metamorphosed  sediment.  But  when  the  sheets  are  traced 
along  the  strike  they  are  found  to  cut  across  and  break  through 
the  limestone  in  such  a  way  that  they  must  be  regarded  as  in- 
trusive. This  is  an  important  point  bearing  upon  other  occur- 
rences of  a  similar  nature  where  the  true  relations  are  less 
elearly  exhibited. 

Thin  sections  of  the  gneissoid  rock  entirely  substantiate  the 
conclusion  that  it  is  of  igneous  origin.  It  consists  of  horn- 
blende, biotite  and  plagioclase,  with  considerable  titanite,  some 
apatite  and  occasional  grains  of  garnet.  The  hornblende  some- 
times contains  a  little  colorless  pyroxene,  evidently  all  that  is 
left  of  larger  amounts  of  the  mineral  that  have  changed  to  horn- 
blende. This  fact,  coupled  with  other  cases  in  the  region,  sug- 
gests that  the  rock  may  have  been  originally  a  gabbro ;  but  there 
is  no  proof  that  such  was  the  case,  and  it  must  be  classed  as  a 
hornblende-mica  diorite.  The  grain  and  structure  vary  consid- 
erably, the  finer  varieties  resembling  in  structure  the  "  granulitic*' 
gneisses,  while  the  coarser  have  a  typical  igneous  structure. 
In  these  the  plagioclase  is  slightly  older  than  the  ferro-magne- 
slum  minerals,  so  that  it  shows  a  rough  approximation  .to  lath- 
shaped  individuals,  while  the  hornblende  and  mica  have  irregular 
outlines,  somewhat  conditioned  by  the  plagioclase.  There  is  a 
strong  resemblance  to  the  gabbroitic  structure  figured  by  Rosen- 
busch. 
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The  mineral  composition  and  structure  of  the  rock  revealed 
by  the  microscope  would  be  sufficient  to  establish  its  igneous 
nature  in  the  absence  of  all  supporting  field  evidence.  As 
it  is,  the  proof  is  complete.  This  leads  at  once  to  the  con- 
clusion that  the  minerals  of  this  locality  have  been  formed  by 
contact  metamorphism,  where  an  intrusive  rock  of  intermediate 
composition  breaks  through  a  limestone.  All  of  the  phenomena 
are  so  clearly  exhibited  that  it  seems  impossible  to  arrive  at  any 
other  conclusion,  and  the  locality  is,  for  this  reason,  of  much 
importance  as  a  standard  of  comparison.  At  the  same  time,  the 
bedded  aspect  of  the  intrusive,  its  gneissoid  character,  and  the 
great  variation  in  the  width  of  the  contact  zone,  all  point  out 
lines  along  which  the  phenomena  might  be  so  modified  as  to  in- 
troduce much  obscurity  in  the  relations  of  mineral  occurrences 
of  like  origin. 

The  last  mentioned  point,  in  particular,  needs  further  consid- 
eration. As  stated  above,  the  mineral  body  is  part  of  a  zone 
which  follows  the  contact  of  the  diorite  and  limestone.  But 
through  most  of  its  extent  this  zone  is  very  narrow,  ranging  from  a 
few  inches  down  to  almost  complete  disappearance,  and  consist- 
ing of  a  fine  coccolitic  mass,  instead  of  the  large  crystals  of  the 
main  body.  To  account  for  such  wide  variation  in  the  amount 
of  mineral  development,  it  seems  necessary  that  there  should  be 
corresponding  variation  in  the  rocks  ihvolved,  or  in  some  other 
factor  in  the  process.  The  first  proposition  can  not  be  admitted, 
as  both  the  diorite  and  the  limestone  are  entirel}'  too  homo- 
geneous to  allow  the  required  amount  of  variation.  The  alter- 
native raises  the  question  as  to  how  much  of  the  contact  action 
is  due  to  heat  alone,  and  how  much  to  the  effects  of  heated 
solutions  and  gases.  This  question  seems  to  be  quite  definitely 
answered  by  the  phenomena  of  occurrence  already  described. 
The  narrow  band  of  coccolitic  material  which  marks  the  whole 
contact  may  well  be  the  result  of  heat  acting  upon  the  limestone, 
accompanied  by  a  slight  transfusion  of  material  from  the  diorite. 
but  without  the  intervention,  to  any  great  extent,  of  other 
agents.  But  it  is  very  difficult  to  account  for  the  sudden  ex- 
pansion of  the  belt  into  a  large  mass  of  finely  developed  min- 
erals, unless  it  has  resulted  from  a  concentration,  at  this  point,  of 
heated  solutions  rich  in  mineralizing  agents. 

As  to  the  cause  of  this  concentration,  it  is  impossible  to  come 
any  closer  than  to  say  that,  doubtless,  there  was  here  a  line  of 
minor  resistance  which  afforded  a  channel  for  the  transmission 
of  the  solutions.  That  the  mineral  mass  could  not  result  from 
the  rearrangement  of  materials  in  the  limestone  is  apparent  from 
an  examination  of  the  latter  rock.     It  is  a  fairly  pure  mass  of 
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carbonate  of  lime,  probably  with  considerable  magnesia.  The 
minerals,  on  the  other  hand,  are  chiefly  silicates  of  lime,  mag- 
nesia, iron  and  alumina,  while  there  are  also  present  titanium, 
phosphorus,  boron,  etc.,  in  less  amounts.  The  coarse  calcite  is 
clearly  a  product  of  recrystallization  and  the  structure  of  the 
mass  is  totally  different  from  that  of  the  limestone.  It  is  evi- 
dent that  the  minerals  must  be  a  product  of  the  commingling  of 
material  derived  from  depth  with  the  constituents  of  the  lime- 
stone, not  by  fusion,  but  by  the  intervention  of  solutions.  And 
yet,  while  it  is  impossible  to  avoid  the  conclusion  that  there  has 
been  this  transfer  or  "  migration"  of  material,  the  phenomena  are 
quite  in  hai*mony  with  the  view  that  such  transfer  is  limited  in 
extent.  For  its  effects  are  conspicuous  only  at  this  one  point 
on  the  contact,  and  even  here  the  action  is  confined  to  an  area 
of  a  few  yards,  while,  as  above  stated,  the  contact  zone  as  a 
rule  is  extremely  narrow.  Similar  facts  are  exhibited  at  many 
other  points  in  the  region. 

Nevertheless,  in  other  cases,  as  will  appear  later,  there  seems 
to  have  been  a  migration  of  material  to  considerable  distances, 
although  even  then  the  mineral  deposits  are  quite  clearly  de- 
fined. No  fixed  rule  appears  to  exist,  and  instances  of  the  latter 
kind  find  their  opposite  in  cases  where  the  limestone  is  un- 
changed. But  when  the  latter  is  true  the  intrusive  rock  itself 
is  commonly  modified  near  the  contact,  very  often  carrying  & 
large  amount  of  titanite.  An  example  of  this  is  shown  by  a 
granite  a  short  distance  south  of  the  locality  under  considera- 
tion. Two  probable  causes  for  this  limited  change  suggest  them- 
selves: the  purity  of  the  limestone,  and  the  fact  that  it  is  highly 
crystalline  throughout.  These  two  conditions  require  the  addi- 
tion of  foreign  material,  together  with  the  heat,  in  order  that  any 
marked  effects  should  result. 

The  process  suggested  has  much  in  common  with  fumarole 
action,  and  it  can  hardly  be  fortuitous  that,  together  with  t3'pical 
contact  minerals,  there  is  associated  the  common  Aimarole  prod- 
uct tourmaline.  The  same  association  appears  elsewhere  in 
the  region,  and,  as  a  matter  of  fact,  it  is  difficult  to  distinguish 
clearly  between  contact  and  fumarole  action.  It  seems,  then, 
justifiable  to  go  a  step  further  in  tracing  the  genesis  of  the  min- 
erals under  consideration,  and  to  conclude  that  not  only  are 
they  contact  products,  but  that  heated  solutions  and  gases  have 
been  of  prime  importance  in  their  formation. 
.  Summarizing  briefly  the  phenomena  exhibited  in  this  locality 
and  bearing  upon  the  problems  of  mineral  genesis  and  associa- 
tion :  Pyroxene,  scapolite,  phlogopite,  mica,  apatite,  titanite, 
quartz,  tourmaline  and  coarse  calcite  have  been  formed  as  con- 
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tact  products,  where  diorite  breaks  through  crystalline  limestone. 
Heated  solutions  and  gases  have  been  the  immediate  agents  of 
mineral  growth,  and  their  action  has  been  so  concentrated  that 
the  minerals  have,  for  the  most  part,  developed  in  a  large  mass, 
instead  of  an  extended  zone. 

Similar  phenomena  are  shown  at  a  point  a  few  rods  south  of 
the  locality  above  described,  but  with  some  considerable  varia- 
tions.  The  same  minerals  occur,  with  apatite  and  pyroxene  de- 
cidedly predominant,  the  former  species  in  particular  appearing 
in  quantity,  while  at  the  first  locality  it  is  quite  inconspicuous. 
The  minerals  form  a  coating  upon  a  nearly  vertical  wall  thirty 
to  forty  feet  long  and  about  twelve  feet  high.  This  large  surface 
is  so  completely  covered  with  interlocking  crystals  of  the  vari- 
ous minerals  that  the  rock  composing  the  wall  is  entirely  con- 
cealed from  view.  Apatite  and  pyroxene  in  crystals  sometimes 
reaching  a  length  of  six  inches  are,  as  already  stated,  the  conspic- 
uous species  shown,  feldspar,  scapolite,  phlogopite  and  titanite 
being  less  abundant.  The  rock  upon  which  the  minerals  are 
supported  is  of  a  dark  gray  color  and  has  the  appearance  of  a 
gneiss  or  a  plutonic  rock.  The  material  which  has  split  off  so 
as  to  expose  the  face  with  the  minerals  is  a  crystalline  lime- 
stone. The  structural  relations  of  these  two  rocks  are  precisely 
the  same  as  those  shown  by  the  diorite  and  limestone  of  the 
first  locality,  and  there  can  be  no  doubt  that  they  result  from 
the  intrusion  of  the  gray  rock  into  the  limestone.  Sections  of 
the  gray  rock  do  not,  as  in  the  previous  case,  give  positive  evi- 
dence in  support  of  this  view ;  neither,  on  the  other  hand,  do 
they  offer  anything  against  it.  The  rock  is  a  granular  aggre- 
gate of  feldspar  with  bright  green  pyroxene,  a  little  hornblende 
(probably  secondary),  some  biotite  and  considerable  titanite. 
The  feldspar  is,  in  most  sections,  largely  twinned,  but  some  un- 
twinned  grains  are  always  present  and  occasionally  they  become 
most  abundant.  Thus  the  rock  might  be  classed,  so  far  as  this 
evidence  goes,  as  a  rather  acid  gabbro,  or  perhaps  as  a  member 
of  the  intermediate  group  of  monzonites.  So  far  as  structure  is 
concerned,  it  might  be  either  an  igneous  rock  or  one  of  the 
pyroxene  gneisses  of  doubtful  origin.  But  the  field  evidence  is 
sufficient  to  establish  its  igneous  nature,  while  its  structure  is 
closely  analogous  to  parts  of  the  Russell  gabbro  recently 
described  by  the  writer,*  and  it  is  not  improbable  that  further 
investigation  might  show  the  rock  to  be  of  this  nature.  But  for 
present  purposes  it  is  sufficient  to  know  that  it  is  intrusive,  for 
this  establishes  clearly  the  origin  of  the  second  group  of  min- 
erals.    It  is  another  instance  of  contact  action ;  and  while  the 

•Am.  Joar.  Set.  (4)  I.,  p.  273. 
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production  of  minerals  is  not  confined  so  closely  to  a  limited 
area,  still  the  well-developed  crystals  are  limited  to  a  small  part 
of  the  contact  zone,  and  there  can  be  no  doubt  that  their 
formation  was  largely  dependent  upon  the  presence  of  heated 
solutions  and  gases.  The  abundance  of  apatite  is  in  harmony 
with  this  conclusion,  this  mineral  being  so  often  a  product  of 
pneumatolytic  action. 

In  both  cases  described,  the  large  size  and  perfection  of  the 
crystals  may  result  in  part  from  the  influence  of  mineralizers. 
as  suggested  by  Williams'*"  for  pegmatites,  and  in  part  from  a 
slow  growth.  The  influence  of  mineralizers  can  hardly  be  ques- 
tioned, while  a  rather  slow  crystallization  is  also  probable.  At 
the  time  of  intrusion  the  surrounding  rocks  would  be  quickly 
heated,  and  the  normal  contact  zone  would  develop  as  a  result. 
But  heated  solutions  would  continue  to  circulate  during  the 
entire  period  of  slow  cooling,  and  along  the  lines  of  ready  trans- 
mission the  limestone  would  gradually  give  place  to  new  minerals. 
Such  conditions  would,  judging  from  experimental  data,  be 
favorable  to  the  growth  of  large  crystals. 

Before  passing  from  these  clearly  defined  cases  of  the  forma- 
tion of  important  mineral  masses  by  contact  metamorphism  to 
more  doubtful  and  obscure  occurrences,  brief  mention  may  be 
made  of  previously  described  localities.f  The  well-known 
minerals  of  Natural  Bridge  are,  for  the  most  part,  on  the  con- 
tact between  limestone  and  an  intrusive  rock  of  variable  com- 
position, which,  in  the  absence  of  careful  investigation,  has  been 
tentatively  called  gabbro.  The  minerals  of  these  contacts  are 
pyroxene,  orthoclase,  mica,  scapolite,  wollastonite,  titanite, 
zircon  and  calcite.  This  is  an  association  quite  similar  to  that 
of  the  Rossie  localities,  though  lacking  apatite  and  tourmaline, 
and  having  instead  wollastonite  and  zircon.  The  contact  nature 
of  the  masses  is  perfectly  clear  and  the  same  concentration  of 
mineral  development  at  certain  points  is  well  shown. 

In  the  localities  thus  far  described,  the  association  of 
species  is  such  as  to  suggest  at  the  outset  their  formation  by 
contact  metamorphism ;  and  in  the  foregoing  pages  the  effort 
has  been  made  to  show  that  this  is  actually  the  case.  The  data 
derived  from  these  clearly-defined  instances  afford  a  basis  for 
the  consideration  of  occurrences  where  the  phenomena  ac- 
tually shown  render  a  direct  determination  of  origin  impos- 
sible.    The  analogy  is  sometimes  so  complete  that  conclusions 

•O.  H.  Williams,  General  Relations  of  the  Granite  Bocks  In  the  Middle  Atlantic 
Piedmont  Plateaa.    XV.  Ann.  Kept.  U.  S.  G.  S.,  p.  684. 

—  1 0.  H.  Smyth,  Jr.,  The  Crystalline  Limestones  and  Associated  Rocks  of  the  N.  W. 
Adirondack  Region.    Boll.  Geol.  Soc.  Am.  VI.,  p.  279. 
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drawn  from  it  may  be  regarded  as  extremely  probable,  while  in 
other  cases  much  doubt  remains. 

The  well-known  black  tourmaline  locality  of  Pierrepont  af- 
fords an  instance  of  this  kind.  The  tourmaline,  with  asso- 
ciated pyroxene,  phlogopite,  quartz  and  calcite,  occurs  in  irregu- 
lar masses  in  crystalline  limestone.  These  masses  are  scattered 
and  clearly  not  upon  any  line  of  contact.  Nevertheless,  the  gneis- 
soid  rock  which  appears  at  the  other  localities  is  represented 
here,  appearing  a  few  rods  to  the  north.  It  is  a  dark,  basic  look- 
ing rock  ranging  from  distinctly  gneissoid  to  fairly  massive. 
It  cannot  be  traced  without  break  to  the  limestone,  but  where 
it  should  come  in  contact  with  the  latter  a  much  finer  rock  of 
a  dark  color  appears.  This  fact  is  important,  for  if  the  gneiss 
is  intrusive  its  marginal  portion  would  naturally  be  finer. 
Sections  of  the  gneiss  show  it  to  be  made  up  of  plagioclase  and 
pyroxene,  both  monoclinic  and  orthorhombic,  together  with 
garnet  and  various  accessories  and  alteration  products.  It  has 
every  appearance  of  being  a  somewhat  metamorphosed  gabbro. 
It  can  hardly  be  a  mere  coincidence  that  the  minerals  appear 
in  the  limestone  just  where  it  approaches  this  rock,  and  the 
conclusion  that  they  have  been  formed  by  solutions  set  in 
circulation  by  the  intrusion  of  gabbro  must  be  regarded  as  ex- 
tremely probable.  That  tourmaline  is  usually  formed  in  connec- 
tion with  acid  rocks  might  be  urged  in  contravention  of  this 
conclusion  (and  Lacroix'*'  regards  the  occurrence  as  a  granite 
fumarole)  ;  but  that  this  is  not  necessarily  the  case  is  shown  by 
the  first  Kossie  locality  where  tourmaline,  like  that  of  Pierre- 
pont, is  formed  on  the  contact  zone  of  a  diorite  or  gabbro.  The 
two  cases  are,  indeed,  closely  similar,  the  only  marked  difierence 
being  that  at  the  first  locality  the  Solutions  worked  along  the 
exact  contact,  while  at  the  second  they  traversed  the  limestone 
at  some  distance  from  the  intrusion.  The  first  case  would  be 
considered  contact  metamorphism  in  the  strict  sense  of  the 
term ;  the  second  might  be  regarded  as  fumarole  action ;  but  be- 
tween the  two  it  is  hardly  possible  to  draw  any  very  definite 
line.  In  both  cases  it  seems  clear  that  heated  solutions  have 
done  most  of  the  work,  and  the  exact  locus  of  mineral  growth, 
being  determined  by  lines  of  least  resistance  to  the  transmission 
of  solutions,  must  be  dependent  chiefly  upon  the  character  of  the 
limestone. 

The  question  as  to  how  far  such  solutions  may  extend  their 
action  is  pertinent  in  connection  with  the  interesting  locality  on 
Moore's  farm  in  Russell.     Here  the  minerals  are  pyroxene  (a 

*A.  Lacroix,  Contributions  a  I'^tude  des  GneiBB  a  Pyroxene  et  des  Roches  a 
Wem^rite,  p.  193. 


Digitized  by  VjOOQIC 


268  TRANSACTIONS  OF  THB  [MAY  18, 

diopside  variety  in  very  large  crystals),  gray  amphibole,  feld- 
spar, scapolite,  phlogopite  and  tourmaline.  The  minerals  fill 
irregular  pockets  or  form  short  veins,  scattered  through  impure 
crystalline  limestone.  The  mode  of  occurrence  is  similar  to 
that  at  the  tourmaline  locality,  except  that  the  minerals  are 
more  abundant.  The  association  at  once  suggests  a  contact 
zone ;  but  the  limestone  is  the  only  rock  shown  in  the  immediate 
vicinity,  there  being  nothing  that  could  be  regarded  as  an  intru- 
sive. Thus,  there  is  afforded  one  of  the  localities  of  most 
doubtful  nature,  referred  to  at  the  outset  of  the  inquiry.  The 
minerals  are  precisely  those  species  that  might  be  expected  in  a 
contact  zone,  but  no  igneous  rock  is  at  hand  to  produce  them. 
Were  the  occurrence  an  isolated  one  it  would  l>e  most  diflScult 
to  account  for;  and  even  with  the  knowledge  gained  from 
other  localities  it  is  only  possible  to  suggest  a  hypothetical  ex- 
planation, for  which  there  is  little  positive  basis.  Recalling  the 
phenomena  shown  at  the  first-described  locality,  together  with  the 
less  decisive  data  of  the  Pierrepont  tourmaline  locality,  it  seems 
possible  that  the  minerals  under  consideration  may  have  been 
formed  by  the  action  of  solutions  connected  with  an  intrusion  that 
now  underlies  the  locality  without  any  exposure  at  the  surface,  or 
by  one  that  extended  as  a  sheet  above  the  minerals  and  has  now 
been  removed  by  denudation. 

That  this  explanation  is  based  entirely  upon  analogy,  using 
the  laws  of  association  as  a  guide,  is  evident,  and  its  purely 
hypothetical  character  needs  no  further  accentuation.  But  the 
locality  is  far  from  unique  in  this  respect ;  indeed  it  may  serve 
as  a  type  of  many  localities  where  positive  data  as  to  the  origin 
of  the  minerals  are  lacking,  and  it  is  possible  to  get  a  clue  to 
the  solution  of  the  probleni  only  by  applying  the  laws  derived 
from  a  study  of  more  favorable  localities. 

An  occurrence  suggesting  two  very  different  explanations  is 
on  the  farm  of  T.  Fitzgerald  in  Pierrepont.  This  is  another  of 
the  well-known  localities  at  which  much  blasting  has  been  done, 
and  from  which  large  quantities  of  minerals  have  been  taken 
out.  The  association  resembles  that  of  the  previously- 
described  localities,  but  with  fewer  species,  the  minerals  being 
pyroxene  and  scapolite,  in  large,  coarse  crystals,  together  with 
the  peristerite  variety  of  albite.  Coarse  pink  calcite  encloses 
the  other  minerals. 

The  mineral  body  occurs  upon  the  contact  between  crystal- 
line limestone  and  a  rather  fine,  granulitic  pyroxene  gneiss.  The 
gneiss  forms  a  sheet  that  has  the  appearance  of  being  inter- 
bedded,  and  there  is  Bome  indication  of  a  gradation  between  the 
two  rooks ;  but  in  neither  respect  is  the  evidence  entirely  satis- 
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factory.  A  quarter  of  a  mile  to  the  southwest  another  sheet  of 
gneiss  presents  similar  relations  to  the  limestone,  and  here  again 
the  contact  is  marked  by  an  extensive  development  of  pyroxene 
and  scapolite,  although  the  mass  has  never  been  opened  up.  The 
general  relations  of  these  deposits  are  so  like  those  shown  by 
the  typical  cases  of  contact  metamorphism  that  the  conclusion 
is  at  once  suggested  that  they  have  been  formed  by  the  same  pro- 
cess. This  supposition  requires  that  the  intrusive  rock  now  rep- 
resented by  the  gneiss  should  have  undergone  considerable  modi- 
fication ;  but  this  is  so  commonly  the  case  with  the  igneous  rocks 
of  the  region  that  no  difficulties  are  presented.  Nevertheless, 
while  there  is  evidence  in  favor  of  the  formation  of  the  minerals 
by  contact  metamorphism,  the  case  is  an  extremely  doubtful  one. 
Another  explanation  suggests  itself  as  applicable  and  equally,  if 
not  more,  probable.  According  to  this,  the  minerals  may  result 
from  the  mingling  of  the  silica,  alumina,  iron  and  alkalies  of  the 
gneiss  with  the  lime  and  magnesia  of  the  limestone,  and  the  crys- 
tallization of  the  minerals  during  regional  metamorphism.  The 
mingling  of  materials  might  be  original,  resulting  from  the  grad- 
ual change  of  one  kind  of  sediment  into  another ;  or  secondary, 
being  produced  by  circulation  of  water  during  metamorphism. 
It  is  conceivable  that,  under  such  conditions,  an  association  of 
minerals  might  be  produced  quite  similar  to  those  resulting  from 
an  intrusion,  particularly  if  the  regional  metamorphism  involved 
high  temperatures.  The  apparent  gradation  between  the  gneiss 
and  the  limestone  is  certainly  in  harmony  with  this  view.  La- 
croix,*  who  has  described  the  locality,  seems  to  incline  to 
this  explanation,  though  he  finds  reason  for  believing  that  the 
gneiss  itself  has  been  modified  by  a  granite  intrusion  not  ex- 
posed at  the  surface. 

The  Wells  farm  in  Pierrepont  affords  another  locality  where 
the  relations  are  similar  to  those  last  described.  The  minerals 
are  amphibole,  of  a  green-gray  tint,  pyroxene,  oligoclase,  and 
quartz.  The  first  mentioned  species  occurs  in  perfect  crystals 
and  radiating  aggregates  of  much  beauty.  Here,  the  minerals 
form  irregular  masses  on  the  contact  between  limestone 
and  a  rather  acid  gneiss.  The  latter  rock  is  of  a  type  which, 
though  somewhat  obscure  in  character,  is,  for  many  reasons,  re- 
garded bj'  the  writer  as  of  igneous  origin.  At  this  point  it  may 
well  be  the  contact  facies  of  a  coarse  porphyritic  granite-gneiss 
exposed  a  few  rods  to  the  noi^th.  Between  the  gneiss  and  lime- 
stone there  is  not,  as  at  the  previous  locality,  any  trace  of 
gradation,  although  two  bands  of  gneiss  appear  with  the  lime- 
stone lying  between.     This  structure  might  result  equally  well 

•Op,  cit.  p.,  184. 
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from  Interbedding  or  intrusion,  but  the  latter  explanation  is 
strongly  indicated  both  by  tlie  exposures  themselyes  and  by 
analogy  with  other  localities.  When  this  locality  is  compared 
with  those  where  the  minerals  are  clearly  the  product  of  contact 
metamorphism,  decided  differences  appear.  The  light-gray 
amphibole  is  a  new  factor ;  the  scapolite  is  absent,  and  the  py- 
roxene is  of  a  light-green  color  and,  from  its  superficial  proper- 
ties, would  be  classed  as  diopside.  The  pyroxene  of  the  other 
localities  is,  on  the  other  hand,  dark-green  or  black,  and  de- 
cidedly augitic  in  aspect.  Whether  or  no  such  differences  as 
these  point  to  a  decidedly  different  origin  cannot,  as  yet,  be 
positively  stated,  but  on  a  priori  grounds  it  seems  very  doubt- 
ful that  they  do.  Variation  in  the  character  of  the  intrusive 
rock  and  of  the  limestone  would  certainly  seem  a  sufiScient 
cause;  while  some  localities,  as  yet  undeveloped,  show  an  asso- 
ciation and  habit  intermediate  between  the  extremes  described. 

To  sum  up  briefly  the  leading  facts  presented  above:  Py- 
roxene, phlogopite,  scapolite,  titanite  and  feldspar,  together  with 
apatite,  tourmaline,  woUastonite,  quartz  and  zircon,  often  occur 
together,  and  in  several  instances  they  are  clearly  a  product  of 
contact  metamorphism. 

Generally  the  intrusive  rock  is  of  intermediate  composition, 
while  the  rock  which  it  cuts  is  limestone. 

In  all  of  these  cases  it  seems  clear  that  heated  solutions  and 
gases  have  been  the  immediate  agents  of  mineral  formation. 

Several  of  the  above-named  minerals  also  occur  with  light- 
gray  amphibole  on  the  contact  between  gneiss  and  limestone, 
and  while  the  evidence  is  not  conclusive  it  is  probable  that  they 
are  formed  in  the  same  way.  In  other  cases  it  is  possible  that 
minerals  on  gneiss-limestone  contacts  may  be  a  product  of 
regional  metamorphism. 

Finally,  a  similar  association  appears  when  there  is  no  other 
rock  than  the  limestone  shown.  For  such  occurrences  it  is  only 
possible  to  infer  their  origin  from  their  resemblance  to  more 
clearly  defined  examples. 

In  conclusion,  it  should,  perhaps,  be  added  that  if  there  ap- 
pears to  be,  in  the  foregoing  pages,  an  attempt  to  exaggerate  the 
importance  of  contact  metamorphism  as  a  source  of  minerals,  it 
is  simply  due  to  the  fact  already  stated,  but  possibly  not  suffi- 
ciently accentuated,  that  this  paper  aims  to  consider  only  the 
single  class  of  mineral  occurrences  which  are  certainly,  or  possi- 
bly, of  this  type. 

Hamilton  Ck)LLEaE,  Clinton,  N.  Y.,  June,  1896. 


Digitized  by  VjOOQIC 


1896.]  NEW   YORK   ACADEMY   OF   SCIENCES.  271 

Minutes  of  the  Meeting. 

May  25th,  1896. 

A  meeting  of  the  Philological  sub-section  of  the  Section  of 
Anthropology,  Psychology,  and  Philology  of  the  New  York 
Academy  of  Sciences  was  held  in  Hamilton  Hall,  Columbia 
University,  on  the  evening  of  May  25th,  1896,  at  eight  o'clock. 
Fifteen  members  of  the  Society  were  present  and  President  J. 
J.  Stevenson  was  in  the  chair. 

The  President  called  upon  Prof.  Franklin  H.  Giddings,  as 
Chairman  of  the  sub-section  to  preside  at  the  meeting.  The 
presentation  of  the  communications  by  the  members  which  had 
been  announced  for  the  session  was  immediately  begun. 

Prof.  Thomas  R.  Price,  of  Columbia  University,  brought  for- 
ward the  results  of  certain  investigations  upon  "  The  Tradition 
of  the  Case-Forms  in  Chaucer's  Noun."  Carefully  collected 
statistics  show  that  Chancer  in  his  syntax,  uses  the  case-forms 
in  the  following  order  of  frequency :  (1)  dat.  sg.,  (2)  nom.  sg., 
(3)  ace.  sg.,  (4)  dat.  pi.,  (5)  ace.  pi.,  (6)  nom.  pi.,  (7)  gen.  sg., 
(8)  gen.  pi.  And  again  with  reference  to  the  relative  propor- 
tion of  usage  there  is  a  difference  between  the  Teutonic  noun 
and  the  Romance  noun.  Statistics  were  presented  to  illustrate 
the  ratio. 

Prof.  Laurence  A.  McLouth,  of  New  York  University,  dis- 
cussed, "  Some  of  the  Sources  of  Biirger's  Lenore,"  basing  his 
investigations  mainly  on  studies  of  Biirger's  letters  and  of  the 
books  that  formed  the  chief  part  of  his  reading.  No  less  than 
eight  different  sources  were  shown  to  be  capable  of  being  traced 
with  fair  certainty.  Among  these  Shakespeare  stood  high  upon 
the  list. 

Prof.  Henry  A.  Todd,  of  Columbia  University,  treated  "  The 
Etymology  of  Italian  andare  and  related  Words."  Various 
etymologies  that  had  been  suggested  were  examined,  but  the  pa- 
per favored  bringing  the  word  into  association  with  Lat.  in- 
dagare  "  to  investigate." 
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Mr.  D.  L.  Pettigrew  was  nominated  for  resident  membership  in 
the  Society  and  referred  to  the  Council.  The  meeting  then 
adjourned. 

A.  V.  Williams  Jackson, 

Secretary  of  Section. 


Regular  Business  Meeting. 

June  1st,  1896. 

The  Academy  met  with  President  Stevenson  in  the  chair. 
There  were  eight  persons  present. 

In  the  absence  of  Secretary  J.  F.  Kemp,  in  the  West,  C.  C. 
Trowbridge  was  appointed  by  the  chair  Secretary  pro  tern. 

The  minutes  of  the  last  regular  business  meeting  were  read 
and  approved. 

The  acting  Secretary  then  presented  the  name  of  Dr.  David 
Lyman  Pettigrew,  for  election  as  a  resident  member,  the  name 
having  been  approved  in  due  manner  by  the  Council. 

On  a  motion.  Dr.  Pettigrew  was  elected  a  resident  member  of 
the  Academy. 

The  committee  on  a  set  of  resolutions  in  reference  to  the 
pending  legislation  by  Congress,  relating  to  vivisection  in  the 
District  of  Columbia,  presented  the  resolutions. 

On  motion,  the  resolutions  were  adopted,  subject  to  any  slight 
alterations  thought  advisable  by  the  committee. 

The  Academy  then  adjourned  until  October. 

C.  C.  Trowbridge, 
Secretary  pro  tern. 
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88  Nassau  St. 

1884 

Dickerson,  E.  N. 

FL 

64  East  34th  St. 

1895 

Diehl,  Mrs.  Anna  R. 

506  145th  St. 

1880 

Dittenhoefer,  A.  J. 

Room  140,  96  Broadway 

1878 

Dix,  Rev.  Morgan,  S.  T.  D. 

27  West  25th  St. 

1877 

Dodge,  Prof.  R.  E. 

Teachers'  College 

1895 

Dodge,  Wm.  E. 

PS 

262  Madison  Ave. 

1867 

Donald,  James  M. 

11  Nassau  St. 

1896 

Doremus,  Prof.  Chas.  A. 

F 

49  East  29th  St. 

1876 

Doremus,  Prof.  R.  Ogden,  M.  D. 

F 

241  Madison  Ave. 

1867 

Douglass,  Andrew  £. 

F 

9  East  54th  St. 

1881 

Douglas,  James 

L 

99  John  St. 

1896 

Drummond,  Isaac  W.,  M.  D. 

436  West  22d  St. 

1877 

Dudley,  Henry 

F 

56  West  57th  St 

1884 

Dudley,  P.  H. 

F 

80  Pine  St. 

1884 
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Elected. 

Dunham,  E.  K.,  M.  D. 

338  East  26th  8t. 

1890 

Dwight,  JoDathan,  Jr.,  M.  D. 

2  East  34th  8t. 

1888 

Dyar,  Hairison  G. 

234  West  99th  8t. 

1893 

Dyckman,  I.  M. 

15  East  7l8t  St. 

1895 

Egleston,  Prof.  Thomas 

P  F    Columbia  University 

1861 

Elliott,  Prof.  A.  H.,  Ph.  D. 

L         4  Irving  Place 

1881 

English,  Geo.  L. 

64  East  12th  8t. 

1892 

Eyerman,  John 

Easton,  Pa. 

1890 

Fargo,  James  C. 

56  Park  Ave. 

1878 

Farrand,  Dr.  Livingston 

Columbia  University 

1895 

Farrar,  John  N.,  M.  D. 

1271  Broadway 

1888 

Field,  C.  De  Peyster 

P         127  Water  8t. 

1869 

Fiske,  Thomas  S. 

Columbia  University 

1889 

Ford,  James  B. 

L         507  Fifth  Ave. 

1895 

Foster,  L.  8. 

35  Pine  8t. 

1893 

Foster,  Soott 

332  West  72d  8t. 

1896 

Freeborn,  George  C,  M.  D. 

215  West  70th  8t. 

1894 

Frissell,  A.  8. 

520  Fifth  Ave. 

1896 

Garretson,  Francis  T. 

26  Broad  8t. 

1890 

Gibier,  Paul,  M.  D. 

5  West  97th  St. 

1892 

Gibson,  Capt.  W.  W.,  U.  8.  A. 

Cleveland,  Ohio 

1889 

Giddings,  Prof.  F.  H. 

Columbia  University 

1896 

Godkin,  E.  L. 

36  West  10th  8t. 

1896 

Goldsohmidt,  Dr.  8.  A. 

12  East  58th  8t. 

1890 

Gordon,  Beginald 

Columbia  University 

1896 

Gonld,  Edwin 

P         Dobbs  Ferry.  N.  Y. 

1895 

Gould,  Frank  J. 

Irvington,  N.  Y. 

1896 

Gould,  George  J. 

1  East  47th  St. 

Gould,  Miss  Helen 

P         Irvington,  N.  Y. 

1896 

Gouley,  J.  W.  8.,  M.  D. 

11  East  43d  St. 

1867 

Greacen,  Thomas  E. 

65  West  48th  St. 

1896 

Green,  Hon.  Andrew  H. 

214  Broadway 

1865 

Greene,  Jeanette  B.,  M.  D. 

75  West  55th  St. 

1890 

Gudeman,  Edward 

40  East  69th  St. 

1890 

Hale,  Albert  W. 

81  Clinton  Place 

1869 

Hall,  Prof.  Robert  W. 

University  Heights 

1888 

Hallock,  Prof.  William 

Columbia  University 

1893 

Hasoall,  Mrs.  Virginia 

110  East  16th  St. 

1881 

Havemeyer,  Wm.  F. 

29  West  19th  St. 

1896 

Heineman,  Henry  N.,  M.  D. 

3  East  14th  St. 

1880 
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Bering,  Prof.  Daniel  W. 

University  Heights 

1896 

Hemnan,  Mrs.  Esther 

PS 

59  West  56th  St. 

1881 

Herter,  C.  A.,  M.  D. 

839  Madison  Ave. 

1894 

Hewitt,  Hon.  A.  S.,  LL.  D. 

F 

9  Lexington  Ave. 

1868 

Hinton,  John  H.,  M.  D. 

PF 

.41We8t32dSt. 

1865 

Hitchcock,  Miss  F.  R.  M. 

F 

300  William  St.,  E.  Or»nge,N.  J 

.1881 

Hoe,  Henry 

S 

91  John  St. 

1878 

Hoffman,  Rev.  E.  A.,  D.  D. 

L 

1  Chelsea  Sq. 

1895 

Hollick,  Arthur 

F 

Columbia  University 

1891 

Holt,  Henry 

L 

27  West  23d  St. 

1896 

Hooper,  Prof.  F.  W. 

71  St  James  Place,  Brooklyn 

Homaday,  William 

69  Wall  St. 

1886 

Hoyt,  Alfred  M. 

1  Broadway 

1878 

Hubbard,  Prof.  0.  P.,  M.  D. 

F 

123  W.  55th  St. 

1874 

Hubbard,  Walter  C. 

Room  25,  Cotton  Exchange 

1876 

Humason,  H.  A.,  M.  D. 

42  West  76th  St. 

1896 

Huntington,  Prof.  George  S., 

M.  D. 

College  of  Phy.  and  Surgeons 

1892 

Hyde,  E.  Francis 

835  Fifth  Ave. 

1881 

lies,  George 

L 

Park  Avenue  Hotel 

1895 

Ireland,  John  B. 

170  Broadway 

1876 

Jackson,  Prof.  A.  V.  W. 

Columbia  University 

1896 

Jacobi,  Abram,  M.  D. 

F 

110  West  34th  St. 

1867 

Jacoby,  Prof.  Harold 

F 

Columbia  University 

1891 

James,  D.  Willis 

40  East  39th  St. 

1876 

Jesup,  Morris  K. 

197  Madison  Ave. 

1893 

Jones,  C.  N. 

127  West  58th  St. 

1893 

Julien,  Alexis  A. 

FS 

Columbia  University 

1867 

Kane,  S.  Nicholson 

Knickerbocker  Club 

1895 

Kemp,  Prof.  James  F. 

F 

Columbia  University 

1891 

Kunz,  George  F. 

F 

15  Union  Square 

1876 

Lamb,  Osbom  R, 

L 

356  West  22d  St. 

1890 

Laudy,  Louis  H. 

Columbia  University 

1881 

Lawton,  James  M.,  Jr. 

L 

37  Fifth  Ave. 

1895 

Lederle,  Ernst  J. 

120  West  90th  St. 

1891 

Ledoux,  Albert  R. 

F 

9  Cliff  St. 

1888 

Lee,  Prof.  F.  S.,  M.  D. 

Col.  of  Phys.  and  Surgeons 

1892 

Leeds,  Prof.  A.  R. 

PF 

900  Hudson  St.,  Hoboken,  N.  J 

.  1872 

Lembke,  Charles  F. 

21  Union  Square 

1895 

Levine,  Edmund  J. 

23  East  72d  St. 

1896 

Levison,  W.  Goold,  Ph.D. 

PF 

1435  Pacific  St.,  Brooklyn 

1872 
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Elected. 

Lewis,  Walter  H.,  Jr. 

63  West  19th  St. 

1885 

Liautard,  Prof.  A.,  M.  D. 

141  West  54th  St. 

1869 

Liohtenstein,  Paul 

48  Exchange  Place 

1876 

Loeb,  Prof.  Morris 

118  W.  72d  St. 

1892 

Lord,  Benj.,  M.  D. 

34  West  28th  St. 

1885 

Love,  E.  G.,  Ph.D. 

80  East  55th  St. 

1896 

Low,  President  Seth,  LL.  D. 

Columbia  University 

1876 

Luqner,  Lea  McI. 

Columbia  University 

1892 

Macdonald,  John 

F 

39  Broadway 

1882 

Macy,  C.  A.,  2d 

208  West  45th  St, 

1895 

Marble,  Manton 

532  Fifth  Ave. 

1878 

Mari^,  Peter 

6  East  37th  St. 

1895 

Marqnand,  Henry  G. 

F 

11  East  68th  St. 

1876 

Martin,  Daniel  S. 

F 

75  West  55th  St. 

1868 

Mayer,  Prof.  A.  M. 

Stevens  Institute,  Hoboken,  N.J.  1894 

McClintock,  Emory,  LL.  D. 

F 

32  Nassau  St. 

1889 

McCook,  Col.  J.  J. 

L 

10  W.  54th  St. 

1896 

MoLouth,  Prof.  Lawrence  A. 

University  of  New  York 

1896 

Mead,  Walter  H. 

65  Wall  St. 

1882 

Meltzer,  S.  J.,  M.  D. 

66  East  124th  St. 

1896 

Merrill,  Fred.  J.  H. 

F 

State  Museum,  Albany,  N. 

Y.     1886 

Meyer,  T.  C,  C.  E. 

Union  Club 

1895 

Mitchell,  Edward 

31  East  50th  St. 

1876 

Mitchell,  John  Murray 

35  Wall  St. 

Morgan,  Hon.  J.  Pierpont 

219  Madison  Ave. 

1891 

Morse,  J.  H. 

423  Madison  Ave. 

1881 

Moses,  Prof.  Alfred  J. 

Columbia  University 

1892 

Munsell,  C.  E. 

110  Horatio  St. 

1885 

Nash,  Stephen  P. 

67  Wall  St. 

1891 

Newton,  H.  J. 

F 

45  Cedar  St. 

1871 

Niven,  Wm. 

733  Broadway 

1893 

Nott,  F.  J.,  M.  D. 

544  Madison  Ave. 

1878 

Olcott,  E.  E. 

L 

18  Broadway 

1896 

Osbom,  Henry  F. 

F 

Columbia  University 

1892 

Otis,  Prof.  F.  N.,  LL.D. 

F 

51  West  50th  St. 

1867 

Ottendorfer,  Oswald 

150  West  59th  St. 

1878 

Parker,  H.  C. 

Columbia  University 

1895 

Parmly,  D.  D. 

160  Broadway 

1879 

Parsons,  JohnE.,  Esq. 

111  Broadway 

1896 

Patten,  John 

L 

Baltimore,  Md. 

1894 
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Elected. 

Peabody,  Hon.  C.  A.    • 

70  West  21st  St. 

1879 

Pell.  Alfred 

20  East  35th  St. 

1896 

Pellew,  C.  E. 

F 

68  East  54th  St. 

1883 

Perry,  Prof.  Edward  D. 

Columbia  University 

1896 

Pettigrew,  D.  L. 

Box  1004,  Worcester,  Mass. 

1896 

Pfister,  J.  C. 

Columbia  University 

1895 

Phoenix,  Lloyd, 

Union  Club 

1895 

Pierson,  Israel  C,  Ph.  D. 

F 

21  Corthindt  St. 

1892 

PifEard,  Dr.  Henry  G. 

10  West  35th  St. 

1896 

Pitkin,  Laoios 

138  Pearl  St. 

1884 

Post,  C.  A. 

21  Washington  Sq.,  N. 

1891 

Post,  George  B. 

11  West  21st  St. 

1895 

Potter,  Hon.  0.  B. 

3  East  57th  St. 

1889 

Price,  Prof.  Thomas  R. 

Columbia  University 

1896 

Prime,  F.  E. 

P 

26  Broad  St. 

1864 

Prime,  Temple 

PS 

26  Broad  St. 

1852 

Prince,  Prof.  John  D. 

19  West  34th  St. 

1896 

Pmdden,  Prof.  T.  M.,  M.  D. 

Columbia  University 

1894 

Pupin,  Prof.  M.  I. 

Columbia  University 

1890 

Qnaokenboss,  J.  D. 

331  West  28th  St. 

1890 

Rees,  Prof.  John  K. 

F 

Columbia  University 

1882 

Rice,  Prof.  Charles 

Bellevue  Hospital 

1876 

Rioketts,  Prof.  P.  De  P. 

F 

Columbia  University 

1871 

Ries,  Heinrioh 

305  East  53d  St 

1892 

Riley,  R.  Hudson 

Bensonhurst,  N.  T. 

1890 

Ripley,  John  H.,  M.  D. 

605  Lexington  Ave. 

1884 

Rusby,  Prof.  Henry  H.,  M.  D. 

F 

College  of  Pharmacy 

1889 

Sabine,  Wm.  T.,  Jr. 

960  Madison  Ave. 

1896 

Satterlee,  Livingston 

New  Brightom,  Staten  Is. 

1859 

Schemerhorn,  F.  A. 

61  University  Place 

1867 

Sohemerhom,  Wm.  C. 

49  West  23d  St. 

1891 

Schoonmaker,  Wm.  D. 

28  Warren  St. 

1888 

Schuyler,  Philip 

Irvington,  N.  Y. 

1876 

SeniS,  C.  H. 

P 

Whitestone,  N.  Y. 

1895 

Serrell,  Lemuel  W. 

140  Nassau  St. 

1876 

Shriver,  Walter 

333  East  56th  St. 

1878 

Shultz,  CarlH. 

445FiratAve. 

1878 

Sieberg,  W.  H.  J. 

158  East  124th  St. 

1877 

Silver,  Lewis  Mann,  M.  D. 

103  West  72d  St. 

1896 

Skeel,  Frank  D.,  M.  D. 

361  Mott  Ave. 

1890 

Sloan,  Samuel 

P 

26  Exchange  Place 

1876 
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Elected. 

Smith,  Ernest  K,  M.  D. 

157  East  74th  St. 

1894 

Starr,  Prof.  M.  Allen 

22  West  48th  St. 

1894 

Stetson,  F.  L. 

L 

576  Madison  Ave. 

1896 

Stevens,  George  T.,  M.  D. 

33  West  33d  St. 

1882 

Stevens,  Prof.  W.  LeConte 

F 

Rensaehier  Poly.  Inst,  Troy, 

N.Y.1882 

Stevenson,  Prof.  J.  J. 

F 

468  West  End  Ave. 

1880 

Steward,  D.  Jackson 

P 

20  Gramercy  Park 

1858 

Stoddard,  Prof.  F.  H. 

University  Heights 

1896 

Stokes,  James 

49  Cedar  St. 

1896 

Stratford,  Prof.  Wm. 

245  West  52d  St. 

1895 

Strong,  Charles  A. 

Hotel  San  Remo 

1896 

Stnyvesant,  Rutherfurd 

246  East  15th  St. 

1868 

Sutro.  Mrs.  Mathilde 

60  West  49th  St. 

1890 

Taggart,  Rush,  Esq. 

319  West  75th  St. 

1896 

Tatlock,  John,  Jr. 

F 

Box  194,  New  York  City 

1891 

Taylor  Charles  Fayette,  M.  D. 

F 

201  West  54th  St. 

1876 

Taylor,  Henry  L.,  M.  D. 

201  West  54th  St. 

1877 

Terry,  James 

New  Haven,  Conn. 

1883 

Thompson,  Prof.  W.  Oilman 

University  of  New  York 

1895 

Todd,  A.  J. 

261  Broadway 

1878 

Todd,  Prof.  H.  A. 

Columbia  University 

1896 

Tows,  C.  D. 

Buckingham  Hotel 

1878 

Trotter,  Alfred  W. 

26  Cortlandt  St. 

1875 

Trowbridge,  Charles  C. 

Columbia  University 

1894 

Tnckerman,  Alfred 

342  West  57th  St. 

1892 

Valentine,  Philip  J.,  Ph.  D. 

351  Lenox  Ave. 

1882 

Van  Buren,  Fred.  T. 

21  West  14th  St. 

1880 

Van  Brant,  Cornelius 

F 

319  East  57th  St. 

1876 

Van  Giesen,  Ira,  M.  D. 

Columbia  University 

1894 

Van  Ingen,  Gilbert 

Columbia  University 

1896 

Van  Nardroflf,  Prof.  E.  R. 

89  Quincy  St,  Brooklyn 

1895 

Van  Slyok,  George  W. 

120  Broadway 

1878 

Vult^,  H.  T.,  Ph.  D. 

F 

Columbia  University 

1890 

Wade,  H.  T. 

Columbia  University 

1895 

Wall,  John  L. 

F 

338  Sixth  Ave. 

1879 

Waller,  Elwyn,  Ph.  D. 

F 

440  First  Ave. 

1871 

Ward,  Delancy  W. 

Columbia  University 

1893 

Weston,  Heniy 

P 

29  Broadway 

1865 

Weston,  Theodore 

14  East  48th  St. 

1896 

Wheeler,  Prof.  J.  R. 

Columbia  University 

1896 
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MEMBERS.      CORRESPONDING    MEMBERS. 


White,  ThaddeoB  R. 
White,  Theodore  G. 
Whitfield,  Prof.  R.  P. 
Whiton,  Louis  C,  Esq. 
Wiechmann,  F.  G. 
Wiener,  Joseph.  M.  D. 
Wilson,  Prof.  Edmund  B. 
Wood,  Isaac  F. 
Wood,  Wm.  H.  S. 
WoodhuU,  Prof.  John  F. 
Woodward,  Prof.  R.  S. 
Wortman,  J.  L.,  M.  D. 
Wurtz,  Prof.  Henry 

Yonmans,  Wm.  J.,  M.D. 


Elected. 

257  West  45th  St. 

1896 

39  West  26th  St. 

1894 

F 

Am.  Mus.  Nat.  History 

1879 

114  West  76th  St. 

1896 

F 

Golnmhia  Uniyersity 

1882 

1046  Fifth  Ave. 

1876 

Golumhia  University 

1893 

Rahway,  N.  J. 

1878 

45  East  10th  St. 

1865 

Teachers*  Ck)llege 

1896 

Columbia  University 

1893 

Am.  Mus.  Nat.  History 

1892 

2149  Seventh  Ave. 

1869 

72  Fifth  Ave. 


1877 


C50RRESP0NDING  MEMBERS  OF  THE  NEW  YORK  ACADEMY 
OF  SCIENCES,  1896. 

Elected. 


Abbe,  Prof.  Cleveland 
Abbott,  Dr.  Chas.  C. 
d'Achiardi,  Prof.  Antonio 
Alexander,  Prof,  W.  D. 
Am  Ende,  Dr.  C.  G. 
Angas,  Geo.  French 
Appleton,  Prof.  John  H. 
Austen,  Prof.  Peter  T. 
Ayres,  Dr.  W.  O. 

Baloh,  Geo.  T. 
Ball,  Prof.  Valentine 
Bayle,  Prof.  E. 
Bechler,  Lieut.  W.  H. 
Bell,  J.  Graham 
Berthoud,  Edw.  L. 
Bertrand,  Prof.  Emile 
Bishop,  Nath.  H. 
BoUes,  Rev.  E.  C. 
Bolton,  Dr.  Meade 
Bombicci,  Prof.  Luigi 
Boni,  Giacomo 
Bmndegee,  Townsend  8. 


Washington,  D.  C. 

Trenton,  N.  J.  1883 

University  of  Pisa,  Italy  1883 

Honolulu,  Hawaiian  Islands  1890 

Hudson  City,  N.  J.  1874 

Ix>ndon,  England  1864 

Providence,  R.  I.  1876 

Poly.  Inst.  Brooklyn,  N.  Y.  1878 

New  Haven,  Conn.  1864 

New  York,  N.  Y.  1876 

Dublin,  Ireland  1885 

School  of  Mines,  Paris,  France  1868 

Neveport,  R.  I.  1880 

Washington,  D.  C.  1878 

Golden  City,  Col.  1867 

RuedeToumon,  Paris,  France  1883 

Lake  Geoi^e,  N.  Y.  1869 

Salem,  Mass.  1865 

Richmond  Hill,  N.  Y.  1890 

Unirersity  of  Bologna,  Italy  1883 

Venice,  Italy  1886 

Cafion  City,  Colo.  1874 
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Elected. 

Braoner,  Prof.  J.X!. 

Stanford  UniTeisity,  Cal. 

1884 

Brewster,  Wm. 

Cambridge,  Mass. 

1874 

Brunei,  Dr. 

Bahia,  Brazil 

1867 

Bmsh,  Prof.  Geo.  J. 

New  Haven,  Conn. 

1876 

Bnck,  C.  Elton 

Wilmington,  Del. 

1866 

Caldwell,  Prof.  George  C. 

Ithaca,  N.  Y. 

1876 

Garmichael,  Prof.  Henry 

Boston,  Mass. 

1876 

Gary,  Prof.  Albert  A. 

Bridgeport,  Conn. 

1800 

Chandler,  Prof.  W.  H. 

Bethlehem,  Pa. 

1876 

Chapman,  A.  W.,  M.  D. 

Apalachioola,  Fla. 

1836 

Chapman,  Prof.  E.  J. 

Toronto,  Canada 

1877 

Clarke,  Prof.  F.  W. 

Washington,  D.  C. 

1876 

Clay,  Joseph  A. 

Philadelphia,  Pa. 

1857 

Collett,  Prof.  John 

Indianapolis,  Ind. 

1880 

Comstock,  Prof.  Theo.  B. 

Tucson,  Ariz. 

1877 

Cooke,  Dr.  M.  C. 

London,  England 

1868 

Cooper,  Dr.  James  G. 

Hayward,  Cal. 

1855 

Cope,  Prof.  Edward  D. 

Philadelphia,  Pa. 

1876 

Cornwall,  Prof.  H.  B. 

Princeton,  N.  J. 

1876 

Cory,  Charles  B. 

Boston,  Mass. 

1880 

Cox,  Kenyon 

Anaheim,  Cal. 

1880 

Crawford,  Jos.  A. 

Davenport,  Iowa 

1877 

Credner,  Prof.  Hermann 

Leipsio,  Saxony 

1866 

Crosse,  H. 

Paris,  France 

1864 

Cnshing,  Prof.  H.  P. 

Adelbei-t  Coll.,  Cleveland,  0. 

1895 

Dale,  T.  Nelson 

Williamstown,  Mass. 

1879 

Dall,  Prof.  William  H. 

Washington,  D.  C. 

1870 

Dana,  Arnold  Guyot 

Brooklyn,  N.  Y. 

1887 

Dana,  Prof.  Edward  S. 

New  Haven,  Conn. 

1885 

Deane,  Ruthven 

Cambridge,  Mass. 

1874 
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Chtttura  peregrinaior^  v.  ,^  55 
ChaloedoDy,   ii.,  117;   v,  133;   vi., 

122-124 
in  Syria,  vii.,  174;  viii.,  16,  161, 

162 
park  in  Arizona,  v.,  9;  ix.,  142 
Chalchihuitl,  viii.,  162 
Chaloocite,  ix.,  140 
Chalcopbanite,  ii.,  64 
Chalcopyrite,    ii.,   25-149;   iii.,   23; 
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Chesapeake  bay,  singing  beaches  on, 

iii.,  73,  74 
Chester,  Prof.  Albert  H.,  elected  res- 
ident member,  xi.,  25 
Chihuahua,  botany  and  geology,  ii., 

66,  90-95 
Chili,  copper  axe  from,  iii.,  15 
Chimaera,  ii.,  145 
Chimneys,  ventilating,  i.,  67-70 
China,  canals  of,  viii.,  165 

internal  trade  of,  viii.,  165,  166 

Mesozoic  coal-plants,  ii. ,  151 

railway  problem  in,  xi.,  44-156 
Chirigni,  gold  images,  iii.,  63 
Chlorastrolite,  viii.,  162 
Chlorate  of  potassium,  v.,  215 
Chloride  of  lime,  v.,  193 
Chlorine,  v.,  186 

solidification  of,  191 
Chloris  cueullaia,  vii,  14 
Chlorite,  v.,  75,  76 

coating  quartz,  214 

vii.,  215,  221,  222,  231,  233 

viii.,  53 

from  Wehawken,  N.  J.,  1.,  131 

iii.,  1,  50 

from  Morrisania,  N.  Y.,  iv.,  78 
Chloroform,  discovery  of,  xi.,  149 
Chlorophane,  phosphorescence  of,  iii., 

77,  100 
Chlorothorite,  viii.,  185 
Chordeumidse  of  North  America,  xii., 

242 
Chondrophyllum  orhiculaium^  xii.,  35 
Chondropoma  Tortolense^  ii,  150 
ChonophyUum  Sedalienae,  vii,  247 
Choteau  limestones,  vii.,  246 
Chromite,  vii.,  219;  viii.,  49 

in  meteorite,  vi.,  76,  162 
Chromium  in  iron  ores,  ii.,  17 
Chromosphere  of  sun,  iv.,  244 
Chrysoberyl,  i.,  2;  ii.,  42,  64 

cat's-eye,  v.,  131;  vii.,  220,  237 
Chrysocolla,  viii.,  59;  ix.,  143 
Chrysopsis  vUlosa,  vii,  10 
Chrysotis  canifrons^  n.  sp.,  ii,  151 
Chrysotile,  vii.,  233 
Ci-bo-hi-kan,  x.,  41 
Cicada,  v.,  121 
Cichlidte,  revision  of  North  American, 

xiii.,  110 
Cicuta,  iii.,  39 


Oiliata  Chlamydodon,  ix.,  34 

Cimicifuga  racemoaa,  viii.,  76 

Cinicus,  viii.,  80 

Cinnabar,  viii.,  22 

Cinnamomum,  xii.,  35 

Cinnamon-stone,  v.,  75 

Oionella  Ologueiy  ii,  152 

Circle  vii  le,  Ohio,  cloth  from  mound 

at,  iv.,  5 
Circulation  of  the  atmosphere,  lit.,  61 
Cirripedes,  occurrence  of,  in  Cam- 
brian rocks,  XV.,  144 
Cisluia,  ii.,  151-153 

conseptaj  n.  sp.,  ii.,  150 

maeulaia,  n  sp.,  ii.,  152 

Bavenij  ii.,  151 
Cities,  pavement  of,  viii.,  41-44 
Citrine,  viii.,  161,  162 
Civilization  of  America,  ancient,  i., 

120-124 
Cladium  effusum^  ix.,  185 
Cladodus  KepHeri,  vii.,  178,  179 
Cladodusy  xii.,  123 
Cladtmlachey  xii.,  124 

Newherryi^  n.  sp.,  xiii.,  115 
Cl€iihropteriB  platyphylla,  v.,  18  ;  vi., 

126 
Clay  of  the  mud-geysers,  iii.,  7 
Clay  stone,  vii.,  16 
Clays,  Am  boy,  x.,  41 

Amboy,  New  York  State,  xii.,  40 
Clay  of  N.  Y.  State,  Microscopic  Or- 
ganisms in,  xiii.,  165 

of  the  Hudson  river  valley,  xi.,  133 
Classified  list  of  N.  Y.  Min.,  vii.,  217 
Cleavage  of  rocks,  vii.,  32-34 
Clematis  Drummotidiiy  ix.,  181 

Pitcheri,  ix.,  183 
Cleome  integrifoUa^  i.,  8 

luiea,  1.,  8 
Clevelandite,  vii.,  228 
Cleopatra's  needle,  v.,  67 
Clepsine^   Funnels  and  Vesicles  of, 

xiii.,  206 
Clerc,     L.,     elected     corresponding 

member,  xi.,  25 
Cliff  dwellings,  x.,  44 
Cliftonite,  vii.,  6 

Climate,  alternations  of  geological, 
iii.,  94-96 

aridity  near  Rio  Grande,  ii.,  90,  91 

of  Spitzbergen,  iii.,  85-87 
Clintonite,  ii.,  26 
Clinton  iron-ore,  ii.,  15,  16 


Digitized  by 


Google 


INDEX. 


809 


Clocks,  winding  apparatus,  v.,  153- 
157 

error  of,  v.,  153,  154 
ClenoKraptus,  Hall,  1643,  xiv.,  265 

horizon  and  locality,  ii.,  267 
Cloth    from   mound   at  Circleville, 

Ohio,  iv.,  5 
Cqahuila  meteorite,  v.,  231 
Coal,    anthracite,    from    Anthracite 
creek,  Col.,  i.,  8 

bituminous,  in  Texas,  i.,  15,  16 

bituminous,  in  Arctic  region,  i.,  48 

bituminous,  in  Virginia,  i.-,  160- 
162 

coking  from  Crested  Butte.,  Col., 
i.,7 

conversion  of  peat  into,  i.,  75 

origin  of,  i.,  71,  72,  109-111 

in  Texas,  ii.,  94 

physical  conditions  in  formation  of, 
ii.,  50 

plants  from  China,  ii.,  151 

Measures,  carbonates,  ii.,  14,  15 

flora,  ii.,  56 

Massilon,  Ohio,  ii.,  87 

combustion    in    locomotives,    v., 
144-146,  150 

tar  products,  v.,  194,  195 

in  Syria,  vii.,  174 

measures  in  Md.,  vii.,  246-250 
Coastal  sub-group,  xiv.,  192 
Cobalt  in  meteorite,  vi.,  92 
Cobaltous  chloride,  v.,  186 
Cocaine,  v.,  197,  198 
Coccolite,  vii.,  223 
Coocosteids,  new  forms  of,  xiii.,  176 
Coccoeteus,    xii.,  71-187  ;  ii.,    144; 

iii.,  20;  v.,  26-28 
Cocculus  diversifoliuSj  ix.,  181 
Coccjfzus  minor  maynardi^  x.,  52 
Codonites  eampanulatus,  vii.,  247 
Coelenterata,  v.,  55 
Coelosterus  feroXj  vii.,  165 
Colburg,  Prussia,  ** singing  beach," 

iii.,  98 
Coldbrook,  sub*group,  xiv.,  192 
Goldenia  caneacens,  vii.,  12;  ix.,  185 
Coleoides  typicalis^  xiv.,  129 
Coleopterological  Notices,  No.  i.,  No. 

ix.,  2;  No.  iv.,  xi.,  125 
Coleps,  ix.,  34 
Colfax  meteorite,  ix.,  197 

meteorite,  analysis  of,  ix.,  198 
Collecting  specimens,  x.,  83 


Collection,  ichthyological,  ix.,  3 
Collectors  of  N.Y.  minerals,  vii.,  211, 
212  r:z: 

Colorado,   fossil    fishes   near   Green 
River,  iii.,  131 

fossil  insects  at  Florissant,  13 
**    palm     *'  '*  iii.,  77 

**    plants   **  Golden,  iii.,  77 

minerals  from,  iii.,  13 

siliceous  sinter,  iii.,  6,  7 
silicified  wood,  iii.,  6,  7 

San  Juan  Mts.,  v.,  121-130 

silver  product  of,  v.,  129 

forest  vegetation,  i.,  8 

mining,  i.,  7 

(title),  vii.,  44 

minerals  from,  viii.,  12 

moraines  in,  viii.,  164 

oil  deposits  in,  viii.,  25-28 

Grand  Cafion  of  the,  ix.,  128 
Coloration  of  marble,  iii.,  101 
Colored  clays,  ix..  45 

marbles,  ix.,  95 

marbles  of  Lake  Champlain,   iii., 
100 
Color  photography,  xiv.,  185 

of  images,  difference  in.,  xiv.,  178 

of  Triassic  rocks,  vi.,  125 

standard,  method  of  defining, xiii., 
170 
Oolubrina  Texensis,  vii.,  9 
Columbia  College  collecting  party, 
xiv.,  101 

museums,  iv.,  35 

centennial,  vi.,  113,129 

vii.,  86,  129,  133 
Columbia  Chemical  society,  memoirs 

of,  xi.,  57 
Columbidse,  i.,  176;  iv.,  34 
Columbite,  ii.,  42 

vii.,  48,  219;  ix.,  150 
Columbium,  v.,  200 
Columnar  Trap,  Orange,  N.  J.,  iv., 

4 
Combustion  in  locomotives,  v.,  144- 

146,  150 
Comesium,  v.,  200 
Comet,  Gould's  observations  on,  ii., 

18-23 
Comets,  v.,  246,  253-256 
Comet,  history  of  Lexell's,  x.,  114 

of  1892,  observations  on,  xi.,  120 

Holmes*,  xii.,  48 

discovered  by  photography,  xii.,  26 
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Commelinacesey  vii.,  14 
Commelina  nudiflora,  vii. ,  14 

Virginica,  vii.^  14 
Commercial  oil-testing,  zi.,  126 
CommissioD,  goveniment,  for  testing 
iron  and  steel,  i.,  149 
of  annual  Reception,  xiv.,  65 
Audubon  monument,  xiv.,  91 
Committee,  conference  on  union  of 
local  societies,  x.,  112 
for  election  of  sectional  officers,  x., 

39 
on  completion  of  volumes  of  State 
Geological  Survey,  i.,  85,  99,100 
on  memorial  of  Dr.  J.  N.  Draper) 

i.,  77,  105-108 
on  memorial  of  Dr.  A.  L.  Holley, 

i.,  108,  147-149 
reports,  v.,  1,  164,  278 
on  library,  ix.,  127 
on  nominations,  ix.,  127 
on  publications,  ix.,  1,  107,  108, 

127 
special,  xiv.,  4,  37,  70,  109 
on  revision  of  the  by-laws,  xiv.,  39 
appointed,  iii.,  37,  71,80,  106 
report  of,  iii.,  12,  50-60,  70 
standing,  x.,  103 
Comparison  of  the  theories  of  moun- 
tain making,  forces  and  ice  ac- 
tion, xiv.,  17 
Composite  coronography,  viii.,    153 
Compositse,  vii.,  10 
Composition  of  matter,  vii.,  259 
Conception  of  species  as  modified  by 

evolution,  xiii.,  132 
Concretions  of  pyrite,  ii.,  138,  139 
Condenser  for  water,  analysis,  xii.,  54 
Condition  of  interior  of  the  earth, 

xix,  72 
Conglomerate  in  Page  Valley,  Va., 

v.,  217 
Conglomerate,   Shawangunk,   joints 
in,  iii.,  23 
separation  of  blocks  of,  iii.,  29-30 
Conifer,  microscopic  structure  of,  iii., 

87 
Coniferte,  iii.,  46 

Conifers  in  Cretaceous,  v.,  134-136 
icticut,  minerals  from,  iii.,  77 
jllite,  viii.,  9 
ardium.  iv.,  78 
arpUjS  x.,  G 
ti4,x.,  16 


Conocoryphe,     not    in     Protolenus 
Fauna,  xiv.,  150 
special  to  Lower  Paradoxides  Beds, 
xiv.,  150 
Constitution  of  the  Academy,  iii., 
153-168 
supplement,  x.,  153-168 
Construction  of  maps  of  U.  S.,  viii., 

21 
**  Contact  actions '»  v.,  185 
Contamination  of  water,  viii.,  117- 

125 
Continents,  erosion  of,  x.,  78 
Continuous  eyelobes,  trilobites  with, 

xiv.,  139 
Contributions   to    Audubon    monu- 
ment, vii.,  117 
to  invertebrate  paleontology,  x., 

4 
to  Texan  botany,  ix.,  181 
of   organic  chemistry   to  modern 
science,  xi.,  107 
Conulus,  ii.,  152 

Conversion  of  electricity  into  light, 
v.,  97-102 
into  power,  v.,  102-110 
heat  into  electricity,  v.,  90-97 
Convolvulaceae,  vii.,  12 
Convolvulus  hermannioideSy  vii.,  12 
Cookeite,  v.,  80 

Cook,  Prof.  George  H.,  death  of,  ix., 
4 
memorial,  ix.,  75 
Cooper,  Mr.  Wm.,  viii.,  44 
Cooperia  Drummondi,  vii.,  14 
Copernicus,  index  to,  x ,  87 
Copper  at  Abiquiu,  New  Mexico,  i., 
20 
gray,  Ulay  Mines,  Col.,  i.,  3 
products,  holding  silver  and  tel- 
lurium   regions    in     Northern 
Texas,  i.,  15-20 
region  in  Indian  Territory, i.,  19-21 
axe  from  Chili,  iii.,  15 
carbonate,  iii.,  2 
native,  iii.,  2.  19 
ores  of  Triassic  age,  iii.,  18,  19 
series  of  Lake  Superior,  iii.,  143, 
silicate,   iii.,  2 
sulphide,  iii.,  1,  2,  18,  19 
carbonate,  ii.,  150 
native,  ii.,  150 
silicate,  ii.,  150 
sulphuret,  ii.,  150 


Digitized  by 


Google 


INDEX. 


311 


implements,  iv.,  47 

instraments  from  Houghton,  Mich, 
iv.,  76 

in  pyrites,  v.,  192 

in  San  Juan  mts.,  v.,  128 

salts  of,  v.,  215 

sulphate  of,  v.,  215;  vii.,  217 

in  Syria,  vii.,  172,  174 

alum,  vii.,  220 

ores,  ix.,  150 

pseudomorphs,  140;  x.,  59 
-Copperas  in  Staten  Island,  vi.,  16 
Corals,  fossil,  vii.,  247 

growth  of,  vii.,  253 

in  N.  Y.  drift,  vii.,  213 
Coral  reefs,  vi.,  32 
Cordaites,  iii.,  49 
Cor  chorus  pilobohi  8  f  ix.,  181 
Coreopsis  cardaminefolia,  vii.,  11 

trifida,  ix.,  482 
Corn,  Indian,  xii.,  8 
Correspondences  of  Genesis  and  Sci- 
ence, vii.,  151 
CorrespondiuK  members,  election  of, 
iii.,  1,  18,  32,  37,  48,  72. 

members,  list,  ii.,  126-137 

members,   election    of,   vii.,   120, 
140,  145 

members,  number  of,  vii.,  131 

members,  vii.,  219 

number,  vii.,  127 

members,  x.,  supplement 

Secretary's     report,  x.,  133 

Secretary,  report  of,  viii.,  127 

Secretary,  report,  iii.,  68 

Secretary,    vii.,   131,  133 

report,  vii.,  131,  245 

Secretary,  report  of,  ix.,  105 

Societies,  ix.,  127 
Corylus  Americana^  ix.,  31 

rostrata,  ix.,  31 
CoscinodiscuSy  xii.,  120 
Cosmogony  of  Genesis,  vii.,  141-154 
Cosmopolitan  time,  vii.,  91-94 
Cossina  (Microlepidoptera),  xiv.  53. 
Costa  Rica,  sounds  on  beach  of,  iii.,  76 
Coster,  C.  H.,  elected  resident  mem- 
ber, xiv.,  220 
Cothurina,  ix.,  34 
Cotton  in  Brazil,  iv.,  76 

in  Peruvian  mummies,  iv.,  77 

used  by  Moqui  Indians,  iv.,  77 
Council  report  of  the,  ix.,  1,  26,  55, 
74,  98,  127,  137,  157,  204 


Counting  out  rhymes,  etc.,  vii.,  39-43 

Corona,  solar,  v.,  245-247,  254 
photographs  of,  246 
observations  of,  viii.,  153-156 

Coronado  Beach,  x.,  31 

Corrosion  of  iron  wire  cables,  iii., 
65,  66 

Corundum,  iii.,  21,  53 
ancient  use  in  drilling  rocks,  iii,, 

105  ;  vi.,  6-11  ;  vii.,  250 
American,  viii.,  160 

Corundum  from  Mexico,  ii.,  117 

Cove  Field's  fauna,  vii.,  3 

Corrania  Mexicana,  viii.,  80 

Cox,  Charles  F.,  elected  Treasurer, 
xii.,  128 

Crampton    H.   £.,   elected   resident 
member,  xiii.,  234 

Cranial  nerves  of  Amphibia,  xii.,  56 

Cranial  nerves  of  Amphibia,  origin 
and  distribution,  xiii.,  176 

Crania,  viii.,  4,  5,  6,  116 
delineation  of,  viii.,  135-136 

Crassaletta  DelawarenstSy  ii.,  12-13 

Craters,  lunar,  xii.,  93 

Crawfish  in  caves,  i.,  59,  65-67 

Creasoting  treatment   of  wood,  v., 
116,  118 

Creation,  account  of,  ii.,  106-110 
vii.,  141-151,  159-162 

Credneria,  v.,  134 

Crenic  acid  in  peat,  i.,  76 

Crepidula,  peculiar  growth,  xv.,  40 

Cretaceous  Leaves  from  Long  Island, 
xiii.,  180 

Cretaceous  age  of  Dakota  sandstones, 
v.,  133 
flora  of  North  America,  v.,  133-137 
plants  from  Staten  Island,  v., 28, 29 
rocks,  Staten  Island,  v.,  229 
strata  in  Colorado,  v.,  126 
strata  in  Nebraska,  etc.,  v.,  133-135 
system,  comparative  table,  v.,  135 
rock,  vii.,  39 

of  Syria,  vii.,  168,  174,  175.  176 
of  Long  Island,  viii.,  177-181 
of  New  Jersey,  viii.,  47,  178,  179 
of  Staten  Island,  viii.,  31,  177-181 
flora  of  North  America,  viii.,  176 
formation  on  Staten  Island,  palae- 
ontology of,  xi.,  96 
formation  on  Long  Island,  xii.,  222 
palseobotany  of  Staten  Island,  xii., 
28 
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mammals,  xii.,  27 

of  Staten  Island,  vi.,  16 

crust  of  earth,  vi.,  28-33 

flexibility  of,  vi.,  32,  33 

thickness  of,  vi.,  28-30,  37 

period,  temperate  climate,  iii.,  94, 
95 

teliosts,  activity  of,  iii.,  54 

strata,  i.,  l.'>-24 

in  Chihuahua  and  Texas,  ii.,  90, 
94,  95 

marl-belt  of  New  Jersey,  ii.,  9,  13, 
85,  138,  139 
Criohtonite  (?),  vii.,  219 
Crinoidea,  ix.,  139 
Cripple  Creek  gold  mines,  xv.,  127 
Crocidolite,  viii.,  17;  x.,  4 

of  South  Africa,  iii.,  104 
Crotan  capitatusj  vii.,  13;  ix.,  182 

argyranihemu8y  ix.,  181 

glandulottis  sepientrionaliSj  ix.,  181 

gracilis^  ix.,  182 
NeomexicanuSj  ix.,  185 
Croton  water  supply,  viii.,  517-112 
Crow,   A.  Eugene,   elected  resident 

member,  xii.,  137 
Crowsfeet  or  Caltrops,  iv.,  40 
Cruciferse,  vii.,  7 
Crustacea,  v.,  41-42 

viii.,  152 
Crumpling^  of  clays,  xiv.,  20 
Crustacea,  palteozoio,  viii.,  152 
Crusiana,  iv.,  78 
Cryptidine,  ii.,  63 

Crystalline  rocks  bordering  Trias  of 
New  Jersey  and  Pennsylvania, 
v.,  19,  20 
Crystals  of  calcite,  iii.,  19,  20 

diamond,  iii.,  21-72,  105-107 

quartz  resembling  diamonds,  iii. ,  72 

ruby,  iii.,  21 

of  metallic  tin,  xi.,  96 

spheres,  v.,  233-267 

of  Zircon,  vii.,  6 

ice,  X.,  120 
Ctenodus,  ii.,  145-146 
Cuba,  W.  I.,  cultivation  of  sugar- 
cane, iii.,  15,  16 

of  soighum,  ill.,  5,  6 

of  sugar-beet,  iii.,  5,  6 

of  sugar-cane  in  Cuba,  iii.,  15,  16 
Cuoullsea,  ii.,  11 
Cucurbitaoese,  iii.,  45;  vii.,  9 
Cucurhita  fostidissima,  ix.,  184 


Cumarine,  v.,  197 
Cupric  hydrate,  v.,  215 
Cuprified  wood  of  Texas,  i.,  17-21 
Cuprite,  viii.,  13;  x.,  143 
Curacaco  flora  and  funna,  ii.,  151 

terrestrial  molluscs,  ii.,  151,  152 

meteorological  notes  in,  iv.,  47 
Curmatinse,  revision  of,  viii.,  177 
Curtis,  H.  S.,  elected  resident  mem- 
ber, xiii.,  171 
Curtis,    John    G.,   elected    resident 

member,  xii.,  25 
elected  sectional  chairman,  66 

man,  66 
Curves  of  efficiency,  i.,  113,  114 
Cuscuia  indecora^  vii.,  12 

arvensiSy  ix.,  185 
Cushing,  Prof.   H.   P.,  elected  cor- 
responding member,  63 
Cutter,  Rev.  Manasseh,  paper  on  sea 

anemones,  vii.,  244 
Cutting  of  rock  crystal,  etc.,  v.,  266^ 
267 

of  the  diamond,  ix.,  146 
Cyanite,  viii.,  22-162 
C^cads  in  cretaceous,  v.,  134-136 
CycaSf  iv.,  47 

Cyclones  in  the  West,  iii.,  3-5 
Cyclops,  ix.,  33 
C^clostomata,  vii.,  259 
Cyclura  hocolopha,  x.,  52 
Cygni,  notes  on,  x.,  61  ;  xiii.,  170 
Cylindrellay  ii.,  152-153 

Eavenij  ii.,  152 
OynibeUa,  xii.,  220;  xiii.,  101 
C^^peraceffi,  vii.,  14 
Cyperus  Mri^iatuSj  ^ii.,  14 

Berkl^yi  (new)  ix.,  13 

cyrtolepiSy  ix.,  182 

lavigatusj  (new)  ix.,  14 

unijioruSy  ix.,  182 
Cypris,  ix.,  33 
Cyprina  Marriaii,  ii.,  12 
Cypsilidfe,  iv.,  34 
Cyrtoceras,  viii.,  115 
Cyrtolite,  viii.,  185 
Qf9tid8,  vii.,  2 

Dactylethra,  vii.,  257 
DsRdalea  confragrosa^  v..  Ill 

vorax,  v..  Ill 
Dakota,  minerals  from,  iii.,  17 
Sandstones,  v.,  133-134 
tin  mines  of,  viii.,  146,  148,  150 
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DaJUbergia  Rinkiana^  xii.,  236 
DcUeaformoMj  ix.,  183 

Uuialka,  ix.,  183 

laxifiora,  ix.,  183 

naiMty  vii.,  9;  ix.,  183 

huianthera,  vii.,  9 
Dalmanites  anchiops,  i. ,  57 
Dam,  Qaaker  Bridge,  Tiii.,  117-125 
Bammara,  v.,  136 
Dammara  borealis,  xii.,  31 
Damourite,  ii.,  25;  viii.,  12 
Dana,  James  Dwight,  memorial  of, 

xiv.,  260 
Danbnrite,  viii.,  162 
Zkmcus  pu»iUu8y  ^ii.,  10 
Daphnetine,  v.,  197 
Darkening  of  atmosphere  by  smoke, 
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Self-defense,  methods  of  animal,  iii., 
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Silicified  forest  in  Arizona,  v.,  9-11 
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Snow  peaks  of  Or^on,  iii.,  77 
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end  of  vol. 


Digitized  by 


Google 


356 


INDEX. 
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prodaotion  of,  v.,  192,  193 
Sodalite,  viii.,  162 

from  three  new  localities,  xiii.,  139 
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216 
in  comet,  v.,  254 
nitrate  of,  v.,  214 
peroxide  of,  v.,  214,  215 
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15,  16 
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185 
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"Soldier  termites,"  viii.,  90-95;  104- 
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lateriflora,  ix.,  11 
nana,  viii.,  80 
Solidification  of  fluids,  v. ,  191 
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iii.,  3 
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of  sun-spots,  v.,  242 
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hastulata^  vii.,  8 
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Sphene,  v.,  77-264;  viii.,  21-60 
^henophyllum.  Hi.,  46 

dimorphons  foliage,  iii.,  46 
Spherostilbite,  iii.,  18 
Sphinginay  iv.,  59 
Spiders  of  Colorado  (by  title),  xiv., 

100 
Spinel,  iii.,  21 

from  Ceylon,  v.,  225 
Spiraxis,  ii.,  154 

mqjoTy  n.  sp.,  iii.,  33 
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Spiraea  cmapitosa,  viii.,  81 

discolor^  viii.,  80 
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Spirifer  avenosuSj  iv.,  30 
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.    macrapleuru8y  iv.,  30 
Spirifera  nuicropleura^  xiii.,  125 
^rophyton^  iii.,  33 
Spirulsea  rotula,  ii.,  12 
Spitzbergen,  climate  of,  iii.,  85-87 
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from  Maine,  vi.,  40 

from  N.  C,  vii.,  2,  3 
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112 
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Spots  on  the  sun,  v.,  23^242 
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soda,  near  Fort  Worth,  Texas,  i., 
15 

salt,  in  Texas,  i.,  16 

warm,  x.,  64 
Spy,  hnman  remains  at,  viii.,  132- 

135 
Squid,  i.,  175 
St.  Acheul,  paleeolithic  arrow  heads, 

iii.,  81,  82 
Stafia,  caves  of,  ii.,  3-6,  37 
Stalactites,  ii.,  39,  40 

in  Mammoth  Cave.,  i.,  60 
Stalactitic  aragonite,  viii.,  45 

melanterite,  viii.,  22 
Standards  of  time,  i.,  88 
Standard  time,  v.,  236 

time,  progr^of,  xi.,  45 

sizes  for  drawers  and  trays,  xiii., 
140;  xiv.,  65,  66,  67 
Standing  Committees,  x.,  103 
Siaphylinidaey  viii.,  117;  ix.,  162 


Starch,  estimation  by  Yon  Asboth's 

method,  x.,  24 
Star,  garnets,  v.,  225,  226 
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places,  calculation  of,  x.,  86 
plates,  Rutherfurd,  x.,  102 
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State  forests  of  Germany,  viii.,  32 
Staten  Island,  N.  Y.,  v.,  22&-230; 
vi.,  86,  87 
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azoic  rock,  v.,  228 
Cretaceous  plants,  v.,  28,  29 
minerals,  iii.,  49,  50;  v.,  22&-230 
serpentine,  v.,  228 
steatite,  v.,  228 
buildings  of,  ii.,  67-71 
carved  head  found  in,  iii.,  81 
leaf-bearing  sandstones,  iii.,  30,  31 
geology  of,  i.,  56-58;  vi.,  12-18; 

viii.,  177-181 
Natural  Science  Association,  i.,  67 
Cretaceous  on,  viii.,  31,  177-180 
limonites  of,  viii.,  180,  181 
Quaternary  of,  viii.,  180,  181 
glacial  and  preglacial  drift,  iv.,  26 
stone  adze  from,  viii.,  17 
Staurolite,  viii.,  3,  49 
Stattroneis,,  xii.,  220;  xiii.,  161 
Steam,   behavior   in   steam   engine 
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iii.,  13 
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Steinmetz,  Charles  Proteus,  elected 

resident  member,  xi.,  25 
Stenogyra  odonoides^  ii.,  152 
Stephanameria  Wrightiij  viii.,  79 
Stethacanthus  AlionenaiSy  ix.,  133 
Stellar  photometry,  x.,  117 
Stengel,   Prof.  Frederick,  death  of, 

viii.,  152 
Stentor,  phenomenon  in  life-history 

of,  xiv.,  49 
Stereoscope,  i.,  9,  15,  118-120 
Brewster's  theory  of,  i.,  9 
Helmholtz's  views  on,  i.,  13, 14 
Notes,  i.,  114-118 
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Stetson,  Francis  Lynde,  elected  resi- 
dent member,  xiv.,  220 
St.  Eustatius,  W.  I.,  i.,  23 
Stilbite,  ii.,  89;  viii.,  17,  50,  57;  ix., 

143 
Stillingia  angusiifolia,  ix.,  185 
derUatttj  vii.,  14 
Torreyana,  vii.,  14 
Stipapinnata  var.  Neo-Mexicanay  viii., 
80 
setigeraj  vii.,  14;  ix.,  182 
*'St.  John's"  formation,  vi.,  113 
St.  John,  N.  B.,  intrusive  rocks  near, 

xiii.,  185 
St.  Lawrence,  Devonian  fossil  fishes 

from,  ii.,  1 
Stoddard,   Francis  H.,  elected  resi- 
dent member,  xv.,  147 
Stokes,  James,  elected  resident  mem- 
ber, XV.,  147 
Stone  adze  on  Staten  Island,  viii.,  175 
age,  X.,  109 
age  tools,  X.,  110 
durability  of,  viii.,  175 
implements  from  Waynesville,  N. 

C,  i.,  85 
perforated,  from  Europe,  i.,  49 
implements  at  Trenton,  iii.,  1,  7- 

12 
pavements,  viii.,  42,  43 
tools,  manufacture  of,  x.,  110 
Stoneham,   Me.,  minerals  from,  ii., 
25 
herderite,  iii.,  37 


minerals,  viii.,  12 
bertrandite,  viii.,  12 
beryl,  viii.,  12,  13,  153,  161 
damourite,  viii.,  12 
herderite,  viii.,  12 
phenacite,  viii.,  13 
topaz,  viii.,  13 
Storm  areas,  ix.,  209 
Strata  map,   geological,   viii.,    129, 

130 
Strategic  features   of   the   Gulf   of 

Mexico,  ix.,  71 
Stratford,   Prof.  Wm.,  elected  resi- 
dent member,  xiv.,  68 
Stratigraphical  relations  of  Brown's 

Park  beds,  Utah,  xv.,  252 
Straiiotes  aloides,  iii.,  399 
Street  scenes  in  Cairo,  xi.,  73 
Striae,      glacial,     on    Shawangunk 

range,  iii.,  27,  28 
Stromboli,  viii.,  82 
Strombus  gigas,  viii.,  162 
Strophia,  ii.,  152,  153 
MiUeri,  ii.,  153 
««i,  ii.;  152,  153 
Strophodontay  Beckii,  iv.,  30 

hemispherical  i.,  57 
Strophamena^  vii.,  2 
radiata,  xiii.,  125 
rhomboidaliSj  i.,  57  ;  iv.,  30 
Study  of  folk-lore,  ix.,  134 
Stuigeon  hatching  in  the  Delaware,. 

xiii.,  69 
Slylocola,  ix.,  34 
Stylonurus  excelsior^  ii. ,  8 
Styloaanthes  elatior,  v.,  217 
Suberites  compacia,  v.,  120 
Subfaunas  of  band  B  of  St.    John 

group,  xiv.,  105 
Submarine  tunnel  between  England 

and  France,  155-158 
Subscribers  to  the  building  fund,  x., 

(supplement) 
Subsidence  and  elevation,  i.,  22,  24 
26,  28,  29,  66,  100 
evidences  of,  x.,  18 
Subterranean  scenery,  ii.,  36 
Sub-surface  waters,  vi.,  77,  91 

chemistry  of,  vi.,  90 
Succession  of  animal  life,  iii.,  20 

of  forest  growths,  iii.,  36 
Succinea  gyraia,  ii.,  151, 152 
Sucrose,  dextrose  and  levulose,  xi., 
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Sagar  beet  caltivation^  iii.,  5,  6 
Cane  crop,  soil  exhaustion  by,  iii., 
15,  16 
from  sorghnm,  iii.,  5,  6 
Sugar,  maple,  sap-sand,  i.,  167 
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of  the  relative  mass  of  the  two 
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35 
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Sium  cictUmfoliumy  iii.,  42 
Sullivan  County,  N.  Y.,  moraine  de- 
posits, iii.,  25,  26 
Sulphides  of  silver,  etc.,  v.,  128 
Sulphohalite,  viii.,  8,  9,  22 
Sulphur,  v.,  195 
dioxide  of,  v.,  185 
springs  in  the  desert  of  Sinai,  ix., 

121 
deposits  in  Utah  and  Nevada,  i., 
168-175 
Sulphuretted  hydrogen,  v.,  187 
Sulphuric  acid,  v.,  186,  187,  192 
Summer  experiences  of  Prof.  Mayer, 

xiv.,  7 
Summit  meteorite,  cuts  of,  ix.,  196 

meteorite,  analysis  of,  ix.,  197 
Sun,  v.,  238-247 
and  meteorology,  v.,  239 
atmosphere  of,  v.,  240 
corona  of,  v.,  245-247 
chromosphere,  v.,  245 
distance  of,  v.,  238,  239 
eclipse  of,  v.,  245,  246 
heat  of,  v.,  240,  241 
parallax  of,  v.,  238,  239 
prominences  of,  v.,  244,  245 
spectra  of,  v.,  242-244 
surface  of,  v.,  239-242 
Sunapee  Saihlingy  xii.,  139 
Sun-photographs,  1.,  145 
Sun-spots,  ii.,  35  ;  239-242 
spectra  of,  v. ,  242 
penumbras  of,  xiv.,  77 
pictures  of,  xiv.,  78 
Sun,  total  eclipse  of,  ix.,  5,  47,  52 
Surface  deposits,  x.,  8 
of  fossil  resins,  viii.,  157,  158 
of  sun,  v.,  239-242 
Surgery,  use  of  trance  in,  ii.,  66 
SuriveUa,  xiii.,  101 
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Swash,  X.,  6 
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Syenite,  elaeolite,  xi.,  60 

Sylviidw,  vi.,  139 

Symbols,  alchemical,  ii.,  102-104 
chemical  notation,  ii.,  53-59 

Synclinal  fold  in  Page  Valley,   v., 
216 

Synthesis,  chemical,  v.,  197 

Synthyria  Plantaginea,  viii.,  80 

Systems  of  mechanical  units,  xv.,  34 
Introduction  by  Fourier,  xv.,  34 

System  of  recording  field  notes,  xv., 
191 

Tabasheer,  viii.,  158,  159 
Table  of  chemical  characters,  ii.,  56 
Table-land  of  New  Mexico,  viii.,  77 
TcLchypetes  aquila,  vii.,  83 
"Taoonic  system,"  vi.,  138 
Tadpoles,  cloacal  aperature  of,  xii., 

242 
Tails  of  comets,  v.,  251-255 
Talc,  v.,  229;  viii.,  53 
deposits  near  Gouverneur,  N.  Y. 

(origin  of),  xv.,  154 
schist,  i.,  56-58 

serpentine   and     tremolitic    min- 
erals, association  of,  iv.,  77 
white,  from  Gouverneur,  N.   Y., 
iv.,  77 
Talinum  aurantiacumj  vii.,  B 
linearcj  vii.,  8 
patens,  ix.,  181. 
Tamborrel,  J.  de  M.,  elected  corre- 
sponding member,  xii.,  25 
Tamarisk,  vii.,  170 
Tarcueacum,  viii.,  79 
Tasmania,  tin  of,  viii.,  148 
Tatlock,  John,  Jr.,  elected  Curator, 

xii.,  128 
Tattooing  among  Indians,  viii.,  115, 

116 
Taxodium,  iii.,  85 

distichum,  ix.,  31 
Tehuantepec  ship-railway,  viii.,  164- 
174 
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Telescopes  of  the  world,  vi.,  93-107 

oonstmcfcion  of,  vi.,  95-105 

leosesof,  vi.,  96-103, 107 

Lick,  vi.,  100,  105,  107 

origin  of,  vi.,  93-95 

reflectors  of,  vi.,  103-105 

size  of,  vi.,  105-107 
Teleoets  of  the  Cretaoeons  period,  iii., 

54 
Tellurium  in  copper  products  from 

CJol.,  i.,  4 
Temperature,  annual,  ix.,  206 

annual,  in  Egypt,  ix..  Ill 

daily  in  Egypt,  ix..  Ill 

effect  on  chemical  changes,  v.,  186, 
187 

lowest  measured,  v.,  191 

Mammoth  Cave,  i.,  59 

of  the  Earth's  crust,  xii.,  186 

of  incandescence,  iv.,  43 
Temples  and  palaces  of  Yucatan,  v., 

169-178 
Tendencies  of   recent  electrical  re- 
search, xiv.,  153 
Tendon,  capsulax-intermediate,  xiv., 
250 

capsular-pectoral,  xiv.,  241 

gleno-epitrochlear,  xiv.,  247 
Tenerium  laciniatum^  ix.,  185 
Tennessee  meteorite,  vi.,  160;  viii., 

187 
Tenon te,  viii.,  45 
Ten  years  progress  in  astronomy,  v., 

234 
Tephroite,  ii.,  34 
Terdyratula plicaiay  ii.,  10 

Harlaniy  ii.,  85 

fragUia,  ii.,  11 
Teredo  navalia,  viii.,  169,  170 
Termea,  viii.,  87 

testaceusy  viii.,  86,  97-99,  108;  ix., 
159 

oMduSyin,,  161 

hellicosus,  ix.,  177 

columnariSj  ix.,  158 

lucifugwij  ix.,  158 

minimus f  ix.,  158 

praBl4)ngu8,  ix.,160 

8altan8,  ix.,  172 
TermUogcater  insolenSj  viii.,  117;  ix., 

163 
Termitariums,  vii.,  100-113 
Termites,  viii.,  85-114 

of  the  Isthmus  of  Panama,  ix.,  157 


Termitophilous  beetle,  viii.,  117 
Terraces  on  Shawangunk  Mountain, 

iii.,  27 
Terrestrial  molluscs,  ii.,  150-154 

in  the  West  Indies,  i.,  181 
Tertiary  age.,  v.,  133 
climate  in  Arctic  regions,  iii.,  94 
plants,  found  in  Ck)lorado,  iii.,  13, 
77 

present  range  of,  iii.,  96 
strata,  i.,  21,  22 
fossil  plants,  xi.,  123 
Testing  iron  and  steel,  commission 
for,  i..  49 
safety  of  kerosene  oil,  i.,  138-143 
Texan  botany,  contributions  to,  ix., 

181 
Texas,  botany  and  geology,  ii.,  66, 
90-95 
coal,  i.,  15,  16 
copi>er  re^on,  i.,  15-20 
gypsum,  1.,  17 
pumice  tuff,  i.,52 
meteorite  from,  viii.,  186 
yttrium,  minerals  in,  viii.,  159, 185 
Thalamorpkora,  ix.,  33 
Thdlassema^  history  of   the    Achro- 
matic structures,  xv.,  163 
the  egg  centroeome,  xv.,  164 
the  sperm  centrosome,  xv.,  168 
the  cleavage-figure,  xv.,  170 
effect  of  fixing  agents,  xv.,  172 
literature  referred  to,  xv.,  175 
description  of  plates,  xv.,  175 
Thalictrum  Wrightiiy  viii.,  78 
Thames  River,  England,  water  of, 

iii.,  42 
Thamnosma    Texanumf  vii.,  6;   ix., 

182, 183 
ThecocUio  flagellala,  ix.,  33 
Thecoflagellata^  ix.,  33 
The  determination  of  division  errors 
in  straight  scales,  xv.,  63 
Etymology  of  Italian  andare  and 
related  words,  xv.,  271 
Thelephora  domestica,  v,,  110 
IheJysperma  filifoliumy  ix.,  182 
longipea,  ix.,  184 
trifida  (new),  ix..  182 
"The  Tradition  of  the  Case-Forms 

in  Chaucer's  Noun,"  xv.,  271 
Thermo-chemistry,  v.,  189 
Thermodynamical   phenomena,  ix., 
138 
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Theories  oonoerning  Great  Pyramid, 
ii.,  114-116 

etc.,  of  vima,  v.,  204-213 

of  musical  sand,  x.,  33 
Theory  of  the  origin  of  leaf  forma, 

ill.,  38-44 
Thetis'  hairstone,  viii.,  161 
TkinnfMia,  xii.,  33 
Thin  sections  of  rocks,  i.,  49-63,  154 
Thwphene,  v.,  195 

Thompson,  Prof.  W.  Gilman,  elected 
resident  member,  xiv.,  93 

J.  P.,  elected  corresponding  mem- 
ber, xiii.,  23 
Thorium  phosphate,  viii.,  8 
Thousand  Islands,  diabase  dikes  of, 

xiii.,  213 
Thread-fins,  ix.,  15 
Thmsh,  new  species,  vi.,  Ill 
ThVija,  V.  136  ;  vi.,  126 

occidentalism  v.,  218 
ThuUnm,  v.,  181-200 
Thurheria  ArkansanOy  vii.,  14 
Thymoleanlpho  acid,  i.,  3 
Tides,  oaose  of,  viii.,  187 

high,  erosion  by,  i.,  80-85 
"  Tide- water  "  gneiss,  v.,  19,  20.  222 
Tideways  of  Paget  Sound,  origin  of, 

iii.,  104 
Ties,  iron,  railway,  v.,  152 
Timber,  decay  in,  v.,  110-120 
Time,  standard  of,  v.,  236 

signals,  v.,  158 

system  for  observatories,  v..  158- 
162 

international,  i.,  86-95 

rate  in  chemical  affinity,  v.,  188, 
189 
Timmins,  Mr.  Samuel,  viii.,  23 
Tin  deposits  of  Black  Hills,  Dakota, 
iv,,  44 

indications  of,  ii.,  100 

in  San  Juan  Mta.,  v.,  128 

mining  in  Cornwall,  viii.,  149 

of  Australia,  viii.,  147 

of  California,  viii.,  150 

of  Dakota,  viii.,  146, 148,  150 

of  East  Indies,  viii.,  149 

of  Mexico,  viii.,  150 

of  North  Carolina,  viii.,  136-151 
Titanichth}fSy  v.,  27 

Agassixiiy  v.,  27  ;  vi.,  164,  165 

Clarkii,  vi.,  164,  166 
Titanium  in  iron-4Mres,  ii.,  7,  14,  17 


Titanotheresin  Am.  Museum,  xv.,  66 

skull  structure,  xiv.,  62 
Titanotherium     and     Metamyodon 

skeletons  in  Am.  Mus.,  xv.,  40 
Titanite,  ii.,24 

yellow  (gem),  viii.,  21 
Toltec  images,  ix.,  97 
Toluca,  meteorite,  vi.,  70 
Tombstones,  durability  of,  ii.,  75 
Tonqmeiia  ^endensy  ii.,  92 
Top,  autograph  of,  vi.,  135 
Topaz,  ii.,  25,  42,  100  ;  iii.,  2,   13, 
37 ;  ix.,  149 
from  Colorado,  v.,  213 
from  Texas,  xii.,  96  ;  xiv.,  144 
North  American,  viii.,  160 
Topographical  map  of  State,  prepa- 
ration of,  xiv.,  91 
Topography  of  Egypt,  iii.,  78,  79 

of  North  America,  iii.,  51-53 
Tornadoes,  iii,,  3-5 
Torpedoes,  xii.,  151 
Torrey  Botanical  Club,  Field  Day, 

iv.,  5 
Tourmaline,  i.,  2,  101 ;  ii.,  25  ;  iii., 
34,  49  ;  v.,  74,  80, 121,  222,  264, 
266  ;  vi.,  77  ;  viii.,  161 
black,  from  St.  Lawrence  Co.,  N. 

Y.,  iv.,  57 
crystals  from  Rudeville,    N.    J., 
xiii.,  185 
Toxopneuestesj  xiv.,  185 

fertilization,  phenomena  of, xiv.. 99 
TrachelomonaSy  ix.,  33 
TrachostefiSj  xii.,  70 
Trachyte,  i.,  19,  23,  169 ;  ii.,  94 
in  San  Juan  Mts.,  v.,  122-130 
Track  inspection  car,  iv.,  5 
Tracks,  in  Triassic,  vi.,  125 
Tradeseantia  VirginicOj  ix.,  182 
Ttagia  ramosa,  vii.,  14 

atjflarisy  vii.,  14 
TrogopMteus,  viii.,  41 
Trance,   treatment  of  sea  sickness, 
ii.,  64-66 
state,  artistic  uses  of,  iii. ,  107 
Transactions,  vi.,  66 

price  of,  X.,  1 
Transformation  of  peat,  i.,  71-76 

of  skin,  vi.,  113 
Transit   factors   for  Observatory  of 
Columbia  College,  xi.,  41 
observations  by  least  squares,  re- 
duction of,  xi.,  25 
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Tiaitfit  of  Yenns,  ii.,  51-52;y.,  238 
Transmntation  of  metals,  ix.,  72 
Tr<xpa  mieraphyUa,  ix.,  30 
Trap,  ii.,  71,  72 
Colnmnar,  Orange,  N.  J.,  iv.,  4 
dikes  in  the  Adirondacks,  xv.,  248 
in  the  Lake  Champlain  valley,  xi., 

13 
of  Champlain,  xv.,  20 
in  East  Tennessee,  v.,  220-222 
in  Staten  Island,  v.,  230 
of  Palisades,  ii.,  117-120 
pavements,  viii.,  42 
Tiays  for  cabinets,  moulded,  xiii., 

140 
Treasurer,  report  of,  iii.,   69;  viii., 
125,  126;  ix.,  106,  107;  xiv.,  88; 
XV.,  130 
receipts,  xv.,  130 
disbnrsementB,  xv.,  131 
Tree  culture,  viii.,  36,  37,  40 
Trees  in  cities,  v.,  264 
plAnting  and  destruction  of,   iii., 
35-37 
Tremalobolua  hmgniH,  xiv.,  122 
Tremolite,  ii.,  149;  iii.,  49 
Tremolite,  i.,  58 
Trenton    limestones  in    Champlain 

valley,  xiii.,  115,  225 
Trenton,  N.  J.,  stone  implements  at, 
iii.,  1,  7-12 
rooks,  viii.,  48 
Trial  of  building-stone,  methods,  ii., 

75,  76 
Triarihrua  Beckii,  antennae  of,  xii., 
237 
with  appendages,  viii.,  109 
Trias  of  America,  v.,  17,  18,  19 
of  South  Africa,  v.,  20 
reptilian  foot-prints  in,  v.,  72 
Triassio  coals,  metamorphism  by  dia- 
base dikes  at  Egypt,  N.  C,  xv., 
105 
copper  ores,  iii.,  18,  19 
fossilsat  Weehawken,  N.  J.,  v.,  17 
four-toed  tracks,  xii.,  188 
of  New  Jersey  and  Connecticut, 

vi.,  124-128 
of  Staten  Island,  vi.,  16 
of  Penn.,  viii.,  47,  66 
sandstone,  ii.,  117-120 
strata,  i.,  20 
Tribally  organized  societite, 
9tudy  of,  F.  H.  Giddings,  xv.,  155 


Tribes  of  British  Columbia,  viii.,  3, 

116 
Tribolos,  iv.,  40 
Triimhis  maximua,  ix.,  181,  183 
7Heeratop8y  ix.,  31 
Trichloris  pluriflara,  vii.,  14;  ix.,  182 
IVifoUum,  iii.,  39;  viii.,  79 
Trilobita  of  Protolenus  Fauna,  xiv., 

138 
Trilobite,  i.,  7;  ii.,  38,  107;  vi.,  113, 

122 
Trilobitic  fauna  of  Cumberland  head, 

XV.,  21 
7rinudeu8  conceniricus,  vii  ,  4 
Trinidad,  pitch  lake  of,  viii.,  26 
Trinomalism,  x.,  81 
Triodia  aeaminalay  iv.,  182 

albeaeens^  iv.,  182 

eragostoidesy  iv.,  182 
Toiphylite,  ii.,  25,  42 
Triplite,  ii.,  25 
Tripoli  interstratified  with  volcanic 

ashes,  i.,  55 
Trips  through    marble    quarries    of 
western,  northeastern  and  east- 
ern New  York,  xv.,  188 
Trochilia,  ix.,  34 
Trochofmilia  conoidesj  ii.,  12 
TroglodfftidaSy  vi.,  139 
Troilite  in  meteorite,  vi.,  76,  92, 144, 

145 
Tropical  Cftlms,  viii.,  168,  169 
Tropical  birds,  habits  of,  xiv.,  66 
Trowbridge,  Wm.  P.,  death  of,  xii.,  2 
Traximan  glaucuniy  viii. ,  80 
Tubes  of  earth  by  cicada,  v.,  121 
Tubercular  disease,  prevention  of,  i., 

181 
Tuckerman,  Alfred  J.,  elected  resi- 
dent member,  xii.,  25 
Tudortty  ii.,  151-153 

megacheila,  151 

versicolor^  152 
Tuning  Forks,  method  of  comparing 

pitch  of,  xiv.,  76 
Tunnel  between  England  and  France, 

i.,  155-158 
Ttfr&a  of  Brazil,  i.,  76 
Turquoise,  ix.,  148;  viii.,  3,  7,  162 

Indian  ornaments  of,  162 
Tuscarora  Indians,  ii.,  58-60 
7)frannidae,  vi.,  139;  ix.,  34 
Tyringham,     Mass.,     spherostilbite 
and  chabazite,  iii.,  18 


Digitized  by 


Google 


INDBX. 


363 


Tyroeln,  v.,  197 

Twins  and  multiple  embryos  of  Am- 
phioxus,  xii.,  17 

Ulmus,  iv.,  31 

Ulster  Ck>.,  notes  on  geology  of,  xiii , 

165 
UmbeUifera,  iii.,  47;  vii.,  10 
Umbelliferone,  v.,  197 
Ungnadia  gpecioM,  ii.,  92 
Uniformity  of  geological  climate,  iii., 

84-97 
Unto,  ii.,  142;  v.,  17;viii.,  163 
United  States,  gcSodetic  survey,  iy.,  1 
Phalangidae  of ,  zi.,  125 
Unreoognizedfamiliesof  larve,  ziv., 

61 
Ural  Mountains,  minerals,  gem  sand 

ethnology  of,  xi.,  119 
Uralium,  v.,  200 
Uraninite,  viii.,  185 
Uranium  glass,  experiments  upon, 

xiv.,  169 
Uric  add,  v.,  197 
UroddOy  vii.,  256 
UronychiOj  ix.,  34 
Urticaceae,  vii.,  14 
Urtiea  ehamadryfrides,  vii.,  14 
Urticariw,  v.,  37 
U.  S.  eclipses,  expedition  to  South 

Africa,  x.,  2 
Use  of  trance  in  suigery,  ii.,  66 
proposed  for  alchemical  symbols, 
ii.,  54-56 
Utah,  iron  orn,  ii.,  15 
ozokerite,  ii.,  46 
luminous  limestone,  iii.,  100 
sulphur-deposits,  i.,  168-172 
Utica  shales  in  Essex  Co.,  N.  Y., 

xiii.,  226 
Utricularia  cieuUogama  (new),  ix.,  12 
8tAul€Ua  deistogama,  ix.,  12 

Vaccinium  CanadeMCf  ix.,  11 

eorymbostttn  atrocoecumy  ix.,  11 
di8oearpum,  ix.,  11 

diwmarphum  (new),  ix.,  11 

fuacaium,  ix.,  11 

Pennsylvanieum,  ix.,  11 
Vacuum  dischary^es,  xi.,  72,  124 

pump,  automatic  mercury,  xiv.,  78 
Vaginicolffi,  ix.,  34 
Yanadinite,  iii.,  100 
Vanadium^  v.,  192 


Vancouver's  Island,  v.,  133  ;  ix.,  2 

Vanilline,  v.,  197; 

Van  Ingen,  Gilbert,  elected  resident 

member,  xv.,  124 
Van  Nardroff,  £.  R,  elected  resident 

member,  xv.,  63 
Van  Rensselaer  canal  survey,  xi.,  45 
Variable  stars,  v.,  258 
Variation  of  decomposition  in  pyrites 

v.,  231 
Varieties  of  new  red  sandstone,  v.,  12 
Vaseline,  v.,  194, 

Vaughan,  Miss  Virginia,  elected  resi- 
dent member,  xi.,  25 
Vegetable  cells  on  obelisk,  v.,  63,  68 

remedies  of  Indians,  v.,  202-203 
Vegetation,  effects  of,  on  the  surface, 
X.,  14 

in  cities,  etc.,  v.,  264 
Veins  in  N.  T.,  gneiss,  viii.,  54 

metal    bearing,   in  Ck>loradOy  v., 
122-130 
Velocity  of  light,  v.,  239 
Velutifuu,  v.,  53 

Venation  of  leaf,  relation  to  margi- 
nal forms,  iii.,  41 
Venerieardid  perantiguaf  ii.,  12. 
Ventilating  chimneys,  i.,  67-70 
Ventro-appendicular  muscular  sheet, 
intermediate  layer,  xiv.,  233 

deep  layer  of,  xiv.,  233 

superficial  layer  of,  xiv.,  233 
Venu8  alveaia,  ix.,  88 

mercenaria,  ii.,  141 
Venus,  v.,  248 

transit  of,  ii.,  51,  52  ;  v.,  238 

satellite  of,  v.,  249 
Verbena  bipinnoHfida,  ix.,  181 

caneseens,  vii.,  13 ;  ix.,  185 

Ugustrina,  ix.,  181 

cdiaiay  vii.,  13 

officinalis^  vii.,  13 

polystachya,  viii.,  80 
Verbenacea,  vii.,  13 
Verbesina^  viii.,  77 

encdioidesj  vii.,  11  ;  ix.,  184 

Virffinica,  vii.,  11 
Vermes,  v.,  32-55 
Vermont  marbles,  iii.,  100,  101 
Vertebrata,  v.,  32 

evolution  of,  ii.,  64 
Vesbium,  v.,  200 
Vescaria  Fendieri,  ^ii.,  7 

lasiocarpa,  vii.,  7 
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Vibration  of  a  chord,  xv.,  135 

Vibumumj  ix.,  31 
BridgeUmenBe,  iv.,  31 

Vida  exigua^  vii.,  97 

Vigniera^  viii.,  77    • 

Vinegar  plant,  vi.,  60-70 

Violaeemy  vii.,  7 

Violane,  ix.,  146 

Virginia,  geology  of  S.  W.  (title), 
vi.,  113 
minerals  from,  iii.,  77,  100 
southwest,  mineral  resonrces  of,  i., 
159-163 

Virgin  Is.,W.  I.,  breccia,  i.,  21 

Vims,  mitigated,  v.,  204-213 

"  Visible  Wind,»»  viii.,  154 

Visceral  Anatomy,  xv.,  96 
Myrmecaphaga  jubaia,  xv^  98 
Tatnandua  bivitiataf  xv.,  98 
Ardopithecus  didactylusj  xv.,  98 
Dadypus  gexcincttUf  xv.,  98 
Tatu8ia  novemcinda,  xv.  96 
Manis  longicaudataf  xv.,  98 

VitU  inciMf  vii.,  9 
heptaphyUa  (new),  ix.,  10,  183 
rupedriSf  ix.,  183 
quinguefolia^  ix.,  10 

Vivianite  from  New  Jersey,  ii.,  13 

Vivier,  Ernest  dn,  elected  resident 
member,  xi.,  25 

Vivisection  in  the  District  of  Colum- 
bia, resolutions  on,  xv.,  272 

Vocal  chords  in   voice  production, 
action  of,  xv.,  2 
photographs  of,  in  action,  xv.,  2 

Volborthdla  foiitn>,  xiv.,  132 

Volcanic  action,  vi.,  28,  29 
air  wave,  viii.,  83 
ash,  i.,  23,  49-56,  169,  171,  172 
ashes  in  Yellowstone  Park,  iii.,  6 
ashes,  microscopic  examination  of, 

iii.,  14,  63-64 
dust  of  Erakatoa,  dififusion  of,  iii., 

60-61,  54-65 
comparisons,  xiv.,  209 
phenomena,  iv.,  54 

Volcano  on  moon,  v. ,  237 

Volcanoes,  vi.,  28,  29,  37 
origin  and  distribution,  viii.,  82 

Volts  and  amperes,  and  what  they 
mean,  ix.,  137 

Von  Asboth's  method  for  estimating 
starch,  x.,  24 

VoriieeUidsRy  ix.,  34 


Votes  of  thanks,  xv.,  133 
Votive  adse,  vi.,  139 
**  Vulcan"  (planet),  v.,  247,  248 
Vult6  H.  T.,  elected  Curator,  xii., 
128 
Librarian,  xi.,  25 

Wad,  ii.,  18 

Wade,  Herbert  T.,  elected  resident 

member,  xiv.,  220 
Wadi  Werddn,  ix.,  23 
Wadis,  ix.,  120 
Wagon  Wheel  Gap.,  Col.,  i.,  7 
Walcott,  C.  D.,  on  Cambrian,  viii., 

176 
Wall  at  Chatata,  Tenn.,  ancient  in- 
scription on,  xi.,  26 
Ward,  Delancey  W.,  elected  resident 

member,  xii.,  99 
Warm  Arctic  climate,  ancient,  iii., 
84-86 
springs,  x.,  64 
Wasatch  Mts.,  Utah,  copper  ores,  iii., 

19 
Wasatch  range,    glaciation  in,   ii., 

155 
Water,  analysis  of,  vi.,  42,  49,  53 
analysis,  condenser  for,  xii.,  54 
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PLATE  I. 

Geological  Map  of  the  Vioinity  of  Glacier  Bay,  by  H.  F.  Reid  and  H.  P. 
Gushing. 
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PLATE  II. 

View  of  Sherman  Fall,  Eauya  Hoora  Goige,  Trenton  Falls,  N.  Y.  Photo- 
graphed by  Theodore  G.  White,  November,  1895.  The  lower  of  the  two 
black  seams  shown  in  the  fall  is  D  7,  the  upper  is  D  9;  while  the  layer  D  11, 
again  shown  in  Plate  IV,  figure  A,  is  seen  just  above  the  top  of  the  main 
volume  of  the  fall  on  the  left  hand  side.  The  underlying  layers  are  shown 
nearly  down  to  D  1. 
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PLATE  III. 

Fig.  A.  Undulations  in  layer  ( D 15)  between  lower  and  npper  portion  of  the 
Great  Fall,  Kanya  Hoora  Gorge,  Trenton  Falls,  N.  Y.  Undis- 
tnrbed  horizontal  layers  are  seen  both  above  and  beneath.  Pho- 
tographed by  Theodore  G.  White,  November,  1895. 

Fig.  B.  Overlap  structure  of  bedding  of  Trenton  limestone,  on  east  bank  of 
West  Canada  Creek,  in  **  Rocky  Heart,"  Trenton  Falls,  N.  Y. 
The  lower  portion  in  the  view  is  covered  by  water.  Photo- 
graphed by  T.  G.  W.,  November,  1895. 
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PLATE  IV. 

Fig.  A.  CoDstaot  heavy  bine  black,  layer  (D  11)  with  adjacent  thin  layers, 
lying  jnst  above  Sherman  Fall,  Kanya  Hoora  Gorge,  Trenton 
Falls,  N.  Y.  Photographed  by  Theodore  G.  White,  November, 
1895. 

Fig.  B.  Example  of  channel  filling,  in  D  22.  north  of  railroad  bridge, 
Kanya  Hoora  Gorge,  Trenton  Falls,  N.  Y.,  on  west  bank.  Cor- 
responding example  shown  in  the  following  plate.  Photographed 
by  T.  G.  W.,  November,  1895. 
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PLATE  V. 

Fig.  A.  Upper  end  of  Kanya  Hoora  Gorge,  Trenton  Falls,  N.  Y.,  embracing 
the  npper  third  of  the  Trenton  limestone,  from  D  18  to  D  23. 
Exhibits  black  thin  bedded  limestones  below,  and  above  them 
the  heavy  gray  crystalline  capping.  Photograped  by  Theodore 
G.  White,  November,  1895. 

Fig.  B.  Palaeospandfflus  gunni,  Traqnair  X  rV-  Froni  drawing  with  Abb6 
camera.  BW,  line  indicating  the  marginal  body  wall.  PO, 
postoccipital  plates  of  Traquair.  RS,  radial-like  supports  (of 
paired  fins).    To  illustrate  paper  by  Bashford  Dean,  p.  101. 
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PLATE  VI. 

Varietal  Tree  of  a  Philippine  Palmonate,  Oochlastyla  ovoidea.    To  illustrate 
paper  by  F.  B.  Sumner,  p.  137. 
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PLA.TE  VII. 

Dinichthys  gonldi,  Newberry  ;  X  J.  A  Bpecimen  showiDg  vertebral  axis, 
ventral  armoring  and  bases  of  dorsal  and  of  ventral  fin.  From  the  collection 
of  Dr.  William  Clark,  Berea,  Ohio.  AV,  Anterior  ventral.  C,  Coprolite. 
D  F,  Basalia  of  dorsal  fin.  H  A,  Haemal  arch.  H  S,  Haemal  spine.  L  P  V, 
Left  posterior  ventral.  N  A,  Neural  arch.  N  C,  Notochord.  R  P  V,  Right 
posterior  ventral.  U,  Plates  of  unknown  position  (perhaps  posterior  laterals 
(Traquair)  of  Coceosteus).  V  F,  Basalia  of  ventral  fin(?).  VG,  Pelvic 
girdle.     V  M,  Ventro-median. 

(The  plates  L  P  V,  R  P  V,  and  portions  of  C,  U  and  V  F  were  attached  to 
the  right  half  of  the  concretion.  They  are  here  shown  as  if  attached  to  the 
opposite  half  of  the  concretion  :  they  thus  appear  in  their  actual  i>o6ition,  but 
in  reversed  aspects.) 
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PLATE  VIII. 

Restorations  of  ventral  armoring  of  Coocosteids. 

Fig.  1.  Coooostens  decipiens,  Ag.    After  Traquair  ;    X  about  J. 

Fig.  2.  Dinichthys  goaldi,  Newb.     X  about  f. 

Fig.  3  Dinichthys  terrelli,  Newb.     After  A.  A.  Wright ;    X  about  ^. 

AVM,  Anterior  ventro-median.  IL,  Inter-lateral  (?  clavicle).  LAV, 
Lateral  anterior  ventral.  L  P  V,  Lateral  posterior  ventral.  P  V  M,  Posterior 
ventro-median.  RAV,  Right  anterior  ventral.  RPV,  Right  posterior 
ventral.    VM,  (Posterior)  ventro-median. 
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PLATE  IX. 

Illustrating  the  Paper  op  Beadney  B.  Griffin,  p.  163. 

Fio.  1.  The  egg  ten  minates  after  fertilization,  showing  the  minnte  asters 
and  their  focal  centrosomes,  also  the  large  black  nucleolus. 

Fio.  2.  Somewhat  later  stage  several  tetrad  groups  have  been  already 
formed. 

Fio.  3.  The  same  stage,  showing  variation  in  relation  of  asters  to  nucleus. 

Fio.  4.  Much  later  stage.    The  tetrad  groups  have  now  been  established, 
leaving  a  mass  of  discarded  chromatin.    The  sperm  head  is  shown  at  $ . 

Fio.  5.  First  polar  spindle  during  halving  of  tetrads.    Sperm  head  at  $ . 

Fio.  6.  First  polar  telophase.    Sperm  head  and  aster  [$), 
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PLATE  XI. 

Illustrating  the  Paper  of  Bradney  B.  Griffin,  p.  163. 

Fio.  13.  F^lly  formed  first  cleavage  figure,  showing  centrosomes  already 
divided  and  surronnded  by  the  darker  area,  nearing  the  periphery  of  the 
centrosphere. 

Fig.  14.  Commencement  of  anaphase.  Centrosomes  or  periphery  of  cen- 
trosphere. 

Fio.  15.  Stage  just  previous  to  mid  anaphase,  minute  amphiaster  forming 
about  the  centrosomes. 

Fio.  16.  Mid  anaphase,  amphiaster  elongated. 

Fig.  17.  Vesicles  previous  to  fusion. 

Fig.  18.  Vesicles  fusing. 


Digitized  by  VjOOQIC 


TBAN8.  N.  Y.  Acad.  Sci. 


Vol.  XV.,  PL.  XI. 


Digitized  by 


Google 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


PLATE  XII. 

Illustrating  the  Papee  of  Waeeen  H.  Evebett,  p.  176. 

Fig.  1.  The  membranous  ear  as  seen  from  the  outside  at  nearly  right 
angles  to  the  side  of  the  head  and  a  little  above.  It  shows  the  shape  and  po- 
sition of  the  saoculus  (s.),  utriculus  (u. ),  lagena  (1.)  and  their  relation  to 
each  other:  also  the  jKJsition  of  the  ampullae  with  respect  to  the  canals  and 
the  recessus  utriculus  (r.  u.).  d.  c.  p.  represents  the  small  connecting  tube 
between  the  connecting  tube  of  the  posterior  canal  ( p.  c.  t. )  and  the  saocu- 
lus (s.). 

Fig.  2.  The  membranous  ear  as  seen  from  the  inside  at  right  angles  to 
and  on  a  level  with  the  head.  It  shows  the  position  of  the  ductus  endolym- 
phaticus  (d.  end. )  and  its  relation  to  the  sacculus  (s. ),  utriculus  (u. )  and  the 
recessus  utriculus  (r.  u. ).  It  also  shows  the  position  of  the  utriculus  (u.) 
with  respect  to  the  recessus  utriculus  (r.  u. )  and  the  ampulla  of  the  anterior 
canal  (a.  a.).  The  two  dotted  lines  that  extend  from  the  ramulus  of  the 
posterior  ampulla  to  the  ductus  canalis  posterioris  (d.  c.  p. )  show  the  course 
of  the  ramuli  of  the  macula  neglecta.  (m.  n. )  marks  the  macula. 


Digitized  by  VjOOQIC 


Tbans.  N.  Y.  Acad.  Sci. 


Vol.  XV.,  Pl.  XII. 


d,endr 


Fiff.Z. 


aa.-^ 


^Sin.ll- 


■P 


At. 


U---|^:!^^^;.;: 

%  r 

^•^mpv:;-:; 

%n 

^^^^^^ 

jf!*%<x. 

^^^^^ 

^^^ 

'71,         J 

tlj^a 

DfiL    W,H.E:yeren: 

'hi.fi 


Digitized  by 


Google 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


PLATE  XIII. 

Illustrating  the  Papeb  of  Wabben  H.  Everett,  p.  176. 

Fig.  3.  The  membranous  ear  as  seen  from  in  front.  It  shows  the  over- 
lapping of  the  connecting  tube  of  the  jiosterior  canal  (p.  c.  t. )  over  the  sinns 
utriculus  (sin.  u. ).  It  also  shows  the  position  of  the  nerve  (n.)  which  sup- 
plies the  recessus  utriculus  (r.  u. )  and  the  ampulla  of  the  horizontal  and 
anterior  canals  (h.  a. )  (a.  a. ). 

Fig.  4.  The  membranous  ear  as  seen  from  behind.  It  shows  the  jkjs- 
terior  canal  (p.  c. )  and  the  tube  (d.  c.  p. )  that  connects  it  with  the  sacculus 
(s.),  lagena  (1.)  and  sinus  utriculus  (sin.  u.)  as  seen  from  a  posterior  direc- 
tion. It  shows  the  angle  of  the  horizontal  canal  (h.  c.)  with  respect  to  the 
body  of  the  ear.  Also  a  general  end  view  of  the  sacculus  (s. ).  It  also  shows 
the  ampullar  tube  (a.  t. )  of  the  horizontal  canal  (h.  c. ). 

Fig.  5.  The  membranous  ear  as  seen  from  above.  It  shows  the  large 
curve  made  by  the  horizontal  canal  (h.  c. )  and  the  shape  of  the  ampulla  (h.  a. ) 
of  the  horizontal  canal  (h.  c. )  together  with  the  angle  at  which  it  enters  the 
utriculus  (u. )  at  the  base  of  the  anterior  ampulla  (a.  a. ).  The  darkened  line 
from  the  horizontal  and  anterior  ampullse  represents  the  diagonal  line  of 
depression  (**)  which  marks  the  separation  of  the  utriculus  (u.)  and  sac- 
culus (s.).  This  view  also  shows  the  angle  between  the  jKJsterior  and  an- 
terior canals  (p.  c. ),  (a.  c. ). 

Fig.  6.  This  is  a  drawing  traced  from  a  photograph  of  ear,  eye  and 
brain.  It  shows  the  angles  made  by  the  anterior  and  posterior  canals  with 
the  axis  of  the  head  and  with  each  other.  Also  the  position  of  the  ear  as 
referred  to  the  eye  and  brain. 
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PLATE  XIV.,  CiERiPEDiA,  Etc. 

Notation  of  the  horizons,  used  below  : 

Div.  Ic^  Horizon  of  Paradoxides  lamellatns. 

Div.  Ic*.  Horizon  of  Paradoxides  Eteminicns. 

Div.  Id},  Horison  of  Paradoxides  Abenacns. 

Div.  ItP,  Horizon  of  Paradoxides  Davidis. 

Fig.  1.  Stenotheca  concentrica.  Flattened  and  cracked  along  the  back. 
Mag.  f.    From  Div.  ld\  St.  Martins,  N.  B.     See  p.  201. 

Fig.  2.  S,  concentrica  var.  radiaia.  Mag.  Y-.  From  Div.  1  c,  St.  John,  N. 
B.    See  p.  202. 

Fig.  3.  Stenotheca  Hicksiana.  Mag.  f .  From  Div.  1  d\  St.  Martin's,  N. 
B.    Seep.  205. 

Fig.  4.  Stenotheca  triangularis,  a,  a  cast  of,  showing  the  outline  of  the 
cone  and  the  thickened  apex,  b,  a  cast  without  the  outline.  Both 
mag.  f   From  Div.  1  c*,  St.  John,  N.  B.     See  p.  203. 

Fig.  5.  Strobilepis  apinigera,  J.  M.  Clarke.  Terminal  plate  (and  penulti- 
mate plate  in  outline).  Figured  for  comparison  from  Dr.  Clarke's  restora- 
tion. Mag.  f .  The  terminal  plate  is  partly  covered  by  the  penultimate. 
Devonian  species.    See  p.  203. 

Fig.  6.  Stenotheca  nasutn.  a,  small  example,  mag.  f .  &,  original  type 
mag.  J.    Both  from  Div.  1  c,  St.  John,  N.  B.     See  p.  204. 

Fig.  7.  FlumtUitea  ManuelensiSj  n.  sp,  mag.  f .  From  Div.  1  d*,  Manuel 
Brook,  Newfoundland.    See  p.  200.     (Misprinted  Plate  XV.  on  p.  200.) 

Fig.  8.  Cirripedian  and  other  plates.  Type  A,  a  and  &,  two  forms  of  oval 
plates.  Type  B,  a,  ribbed  plate  ;  6,  smooth  plate.  Type  C,  a,  plate  with  deep 
furrow  ;  &,  plate  with  high  umbo;  c,  plate  with  eared  flange  ;  d,  plate  simi- 
larly flanged  but  more  regular  ;  these  are  perhaps  Cystidian.  Type  D,  sym- 
metrical plate,  perhaps  one  of  the  axial  row  of  plates.  Type  E,  triangular 
plate  with  radiating  ridges  (possibly  cystidian).  Type  F,  triangular  plate 
with  arched  keel  {Oirropoditea  Camhrensis).  Type  G,  triangular  plate  with 
facetted  edges.  All  the  figures  except  8  G,  a,  mag.  f  8  G,  a,  is  mag.  f .  The 
narrow  figures  beside  the  larger  ones  are  sections.    See  p.  206. 
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PLATE  XVI.,  Agnostus. 

Fio.  1.  Agnostus  regtUus.  a,  head  shield.  5,  a  joint  of  the  thorax,  c, 
Pygidium.     Mag.  f .     From  Div.  1  c*.     See  p.  213. 

Fig.  2.  Agnostus  rex  Barr.  var.  transectus  n.  var.  Pygidium,  Mag.  f. 
From  Div.  1  d\  St.  Martin's.    See  p.  214. 

Fig.  3.  Agnostus  parvifrons  Linrs.  var.  tessella,  a,  head  shield.  5,  thorax, 
c,  pygidium,  Mag.  f .     From  Div.  1  d},  St.  Martin's,  N.  B.     See  p.  221. 

Fig.  4.  Agnostus  umbo,  a,  head  shield,  b,  pygidium.  Mag.,  f .  From 
Div.  1  d\  St.  Martin's  N.  B.    See  p.  222. 

Fig.  5.  Agnostus  dbtusilobus.  Mag.  f.  From  Div.  1  d^.  St.  Martin's 
N.  B.     See  p.  223. 

Fig.  6.  Agnostus  DaiidiSf  Hicks.  Pygidium.  Mag.  f .  From  Div.  1  d*, 
Manuel  Brook,  Newfoundland.    See  p.  225. 

Fig.  7.  Agnostus  gibbus,  Linrs.  var.  partUus,  Head  shield.  Mag.  f . 
From  Div.  1  c«,  St.  Martin's,  N.  B.    See  p.  227. 

Fig.  8.  A.  gibbus  var.  acutilobus.  Mag.  f .  From  Div.  1  iT,  St.  Mar- 
tin's, N.  B.     See  p.  227. 

Fig.  9.  Agnostus  Naihorsti,  Brogg,  var.  confiuens,  n.  var.  a,  head  shield. 
6,  pygidium.     Mag.  f .     From  Div.  1  d\  St.  Martin's,  N.  B.     See  p.  230. 

Fig.  10.  Agnostus  fissus,  Lundgr.  var.  trifissus,  n.  var.  Mag.  f .  From 
Div.  1  d\  St.  Martin's,  N.  B.    See  p.  231. 

Fig.  11.  Agnostus  punduosus,  Ang.  a,  head  shield.  &,  pygidium. 
Mag.  f .     From  Div.  1  d*.  Highland  CJove,  Newfoundland.!    See  p.  232. 
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PLATE  XVII.,  AONOSTUS  AND  MiCBODISCUS. 

Fig.  1.  Agnostus  J^evigatus^  Dalm.,  var.  ierranovicus,  n.  var.  a,  head 
shield,  ft,  pygidium.  Mag.  |.  From  Div.  1  cP,  Highland  Cove,  New- 
foundland.   See  p.  233. 

Fio.  2.  A,  Ixmgatas  var.  mammilla^  n.  var.  a,  head  shield.  5,  pygidium. 
Mag.  f .     From  Div.  1  d\  Highland  Cove,  Newfoundland.    See  p.  235. 

Fig.  3.  A.  Isevigatus  var.  ciceroidea,  n.  var.  a,  head  shield,  ft,  pygidium. 
Mag.  ^.     Found  with  the  preceding.    See  p  234. 

Fig.  4.  Microdiscus  Schucherti  n.  sp.  a,  head  shield,  ft,  pygidium. 
Mag.  f .     From  Olenellus  limestone,  Troy,  N.  Y.    See  p.  238. 

Fig.  5.  Microdiscus  Dawsonij  Hartt.  a,  head  shield,  ft,  same  in  profile, 
c,  pygidium.  Mag.  f.  d,  young  larval  stage,  head  shield.  Mag.  ^^. 
€,  next  larval  stage,  head  shield.  Mag.  ■^^-.  All  from  Div.  1  c\  St.  John, 
N.  B.    See  p.  240. 

Fig.  6.  Microdiscus  ^eciosm,  Ford,  head  shield.  Mag.  f.  From 
Olenellus  limestone,  Troy,  N.  Y.,  figured  for  comparison.    See  p.  236. 

Fig.  7.  Microdiscus  precursor.  Head  shield.  Mag.  f .  PYom  Div.  1  c', 
St.  Martin's,  N.  B.     See  p.  239. 

Fig.  8.  Microdiscus  pulchellus  Hartt.  (i,  head  shield.  6,  same  in  profile, 
c,  pygidium.  Mag.  f.  d,  embryonic  or  Protaspis  stage.  Mag.  ^\ 
c,  early  larval  stage.  /,  pygidium  of  same.  Both  Mag.  ^f-.  All  fromT)iv. 
\d\  St.  Martin's,  N.  B.  See  p.  242. 
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Explanation  of  Plate. 

Plate  XVIII.  Geological  Maps  of  the  R^ion  about  Brown  ^s  Park,  Utah. 
The  geography  is  based  on  the  map  by  C.  A.  White,  in  the  Ninth  Annual 
Report  of  the  Director  of  the  U.  S.  Geological  Survey. 
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ADDISON  BROWN,  MORRIS  K.  JESUP. 
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WILLIAM  E.  DODGE,  J.  PIERPONT  MORGAN, 

E.  L.  GODKIN,  OSWALD  OTTENDORFER, 

ABRAM  S.  HEWITT,  WILLIAM  C.  SCHERMERHORN. 


Reception  and  Exhibition  Committee. 

J.  J.  STEVENSON,  President  of  the  Academy, 
J.  A.  ALLEN.  CHARLES  F.  COX, 

N.  L.  BRITTON.  WILLIAM  HALLOCK. 

HENRY  F.  OSBORN,  Chairman, 


Special  Committee  of  Arrangements. 

J.  L.  WORTMAN,  HERBERT  T.  WADE. 


General  Committee 


Physics:  WILLIAM  HALLOCK  and  HERBERT  T.  WADE, 

Electricity:  M.  I.  PUPIN. 

Photography:  CORNELIUS  VAN  BRUNT. 

Chemistry:  MORRIS  LOEB  and  C.  E.  PELLEW. 

Astronomy:  HAROLD  JACOBY. 

Geology:  J.  J.  STEVENSON. 

Mineralogy:  E.  O.  HOVEY. 

Physiography:  R.  E.  DODGE. 

Zoology:  WILLIAM  STRATFORD. 

Bacteriology:  T.  M.  CHEESMAN. 

PALiEONTOLOGY:  J.  L.  WORTMAN. 

Anatomy:  GEORGE  S.  HUNTINGTON. 

Ethnology  AND  Archaeology:  FRANZ  BOAS  and  M.  H.  SAVILLE. 

Experimental  Psychology:  J.  McK.  CATTELL. 
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New  York 
Academy  of  Sciences. 


FOUNDRE)   IM   1817- 


ORGANIZATION. 

The  Academy  is  fourth  in  point  of  age  among  the  American 
scientific  societies.  It  was  organized  in  i8iy  sls  the  Lyceum  of 
Natural  History,  and  the  present  title  was  adopted  in  1876.  The 
constitution  and  organization  are  designed  to  nlake  the  Academy 
broadly  representative  of  Science.  The  meetings  and  publica- 
tions of  the  Academy  are  therefore  open  to  all  departments  of 
scientific  research. 

The  former  Presidents  have  been :  Dr.  Samuel  L.  Mitchill, 
1817-1823.  Professor  John  Torrey,  1824-1826;  1836.  Major 
Joseph  Delafield,  1827-1837;  1839-1865.  Professor  Charles 
A.  Joy,  1866-1867.  Professor  John  S.  Newberry,  1868-1892. 
Professor  O.  B.  Hubbard,  1892-1893.  Dr.  H.  Carrington  Bol- 
ton, 1 893-1 894.     Professor  John  K.  Rees,  1894- 1896. 

Honorar}'^  Members  are  limited  to  fifty  in  number,  and  are 
elected  from  the  representative  scientific  men  of  the  world. 
Corresponding  Members  are  also  chosen  from  distinguished  men 
in  different  parts  of  the  world  who  engage  in  the  prosecution  of 
some  branch  of  research,  the  results  of  which  they  are  expected 
to  communicate  to  the  Academy  from  time  to  time.  This  list 
now  includes  over  300  names. 

Fellows  are  chosen  from  among  the  Resident  Members,  in 
recognition  of  scientific  attainments  or  services ;  they  form  the 
Council  and  the  main  working  body,  and  conduct  the  business  of 
the  Academy. 
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Resident  Membership  is  not  restricted  to  specialists,  but  is 
open  to  those  who  take  a  general  interest  in  science  and  desire 
to  promote  the  work  of  the  Academy  by  their  subscriptions. 

The  Initiation  Fee  is  $5,  and  the  annual  dues  are  $10.  Pay- 
ment of  these  confers  upon  Members  full  privileges  and  the 
right  to  all  publications.  By  payment  of  $100  a  Member  may 
become  a  Life  Member,  commuting  his  annual  dues.  Donors 
of  $250  become  Patrons,  and  have  all  the  privileges  of  Life  or 
Resident  Afembers. 

Resident  and  Corresponding  Members  are  elected  as  fol- 
lows :  T^he  candidates  are  proposed  publicly*,  in  writing,  at  any 
meeting,  by  a  Fellow  or  Member ;  and  the  nominations,  together 
with  the  name  of  the  person  making  them,  are  referred  to  the 
Council ;  if  approved,  the  candidates  may  be  elected  by  ballot  at 
any  succeeding  business  meeting. 

PUBLICATIONS. 

The  publications  of  the  Academy  at  present  consist  of  three 
series — The  Annals^  The  Transactions  and  The  Memoirs* 
Both  are  distributed  to  Members  and  Fellows,  and  are  circulated 
in  exchange  for  the  publications  of  nearly  all  the  foreign  Acad- 
emies and  learned  Societies.  The  Annals  opened  in  1824  and 
are  now  in  the  ninth  volume  of  the  second  series;  altogether 
nineteen  volumes  have  been  issued.  They  contain  the  longer 
contributions  and  reports  of  researches,  and  have  given  world-wide 
reputation  to  the  Academy.  The  Transactions  were  begun  in 
i88i ;  they  contain  a  record  of  the  meetings,  including  abstracts 
of  the  shorter  papers,  and  are  now  in  the  thirtieth  volume. 
The  Transactions  appear  regularly  in  signatures,  or  are  sent  in 
complete  octavo  volumes  at  the  end  of  the  year,  according  to  the 
wishes  of  Members.  Under  the  present  system'  of  printing,  an 
author  can  secure  immediate  publication  and  distribution  of  a 
discovery  in  which  it  is  important  to  establish  priority.  The 
present  edition  of  both  the  Annals  and  Transactions  is  looo. 
The  Memoirs  are  issued  in  quarto  form  and  are  adapted  to  pa- 
pers requiring  large  plates  or  tabulations.  They  were  begun  in 
the  current  year  and  one  number  has  been  already  issued. 
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LIBRAR7. 

The  Library  numbers  over  18,000  titles,  and  is  especially  rich 
in  sets  of  the  publications  of  American  and  Foreign  Societies. 
In  this  respect  it  is  one  of  the  most  complete  in  this  country.  It 
is  now  shelved  in  a  special  room  of  the  Library  building  at  Co- 
lumbia College,  and  is  accessible  to  Members  from  8  a.  m.  to  10 
p.  M.,  every  day  of  the  year. 

MEETINGS. 

The  Academy  at  present  enjoys  the  hospitality  of  Columbia 
College  in  the  use  of  Hamilton  Hall.  There  is,  however,  no 
official  connection  between  the  Academy  and  the  College.  Meet- 
ings are  held  every  Monday  at  8  p.  m.,  from  October  to  May  in- 
clusive. One  evening  of  the  month  is  given  to  a  general  busi- 
ness and  scientific  session.  The  other  evenings  are  given  to  the 
Astronomical  and  Physical,  Biological  (Physiology,  Zoology, 
Botany) ,  Geological  and  Mineralogical  sections.  Other  sections 
may  be  formed  by  a  vote  of  the  Council  and  one  is  now  being 
organized  in  Philology  and  Philosophy.  Each  of  the  Sectional 
evenings  is  devoted  mainly  to  respective  papers  and  discussions. 
All  the  meetings  are  open  to  the  public  and  are  announced  with 
the  subjects  of  the  papers  to  be  read  in  the  bulletins  of  the 
Scientific  Alliance  of  New  York. 

POPULAR  IiBCTURES. 

The  Academy  is  largely  aided  in  its  scientific  work  by  its 
general  membership,  and  the  course  of  illustrated  popular  lec- 
tures arranged  for  each  winter  is  specially  for  the  benefit  of  the 
general  Members  and  of  the  public.  The  subjects  of  the  lec- 
tures are  chosen  from  different  branches  of  science,  and  are  de- 
signed to  present  in  a  popular  manner  the  latest  results  of  re- 
search. Each  member  receives  two  Course  tickets,  and  addi- 
tional tickets  can  be  procured.  During  the  present  year,  1895-6, 
the  lectures  are  being  delivered  in  the  large  lecture  room  of  the 
Columbia  Law  School. 

Persons  desiring  to  join  the  Academy  or  support  its  scientific 
work  by  subscription  should  address. 
The  Secretary, 

New  Tork  Academy  of  Science^ 
Columbia  University,  New  York  City. 
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OFFICERS  OF  THE  ACADEMY, 
1896-7. 

President. 

J.  J.  Stevenson. 

First  Vice- President ^  Second  Vice-President^ 

H.  F.  OsBORN.  R.  S.  Woodward. 

Corresponding  Secretary^  D.  S.  Martin. 

Recording  Secretary^  J.  F.  Kemp. 

Treasurer^  C.  F.  Cox. 

Librarian^  Arthur  Hollick. 


Councillors. 

J.  A.  Allen,  William' Hallock, 

N.  L.  Britton,  J.  K.  Rees, 

R.  E.  Dodge,  William  Stratford. 

Curators. 

H.  G.  Dyar,  L.  H.  Laudy, 

G.  F.  KuNz,  Heinrich  Ries, 

W.  D.  SCHOONMAKER. 

Finance  Committee. 

Henry  Dudley,  J.  H.  Hinton, 

Cornelius  Van  Brunt. 


Officers  of  the  Sections. 
Section  of  astrono^^y  and  physics. 

R.  S.  Woodward,  Chairman,     W.  Hallock,  Secretary » 

Section  of  biology. 

J.  G.  Curtis,  Chairman,  C.  L.  Bristol,  Secretary, 

Section  of  Geology  and  mineralogy. 

J.  J.  Stevenson,  Chairman,      J.  F.  Kemp,  Secretary, 

Section  of  anthropology,  Psychology  and  Philology. 

(Organization  not  perfected  before  the  Reception.) 
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ASTRONOMY. 


In  Charge  of  Harold  Jacoby. 

Photographs  Illustrating  Objects  Discovered  at  Harvard 
College  Obser\'atory.  Exhibit  of  Harvard  College 
Observatory,  E.  C.  Pickering,  Director. 

1.  Harvard  College  Observatory,  Cambridge  Station. 

2.  Arequipa  Station,  elevation  8,060  ft.  El  Misti  in  the 
background. 

3.  Summit  of  El  Misti,  elevation  19,200  ft. 

4.  Meteorograph  on  El  Misti,  records  temperature,  pres- 
sure, moisture,  direction  and  velocity  of  w^ind  for  three 
months  without  w^inding. 

5.  Bruce  Photographic  Telescope,  aperture  24  inches. 

6.  Removal  of  Bruce  Telescope  to  Peru. 

7.  Meteor  trail.     Arequipa,  September  6,  1895. 

8.  No.  7,  enlarged  6  times. 

9.  Portion  of  Moon. 

10.  Jupiter,  Saturn. 

11.  Nebulosity  surrounding  rj  Carinae,  exposure  14  hours. 

12.  Cluster  (u  Centauri,  exposure  6  hours.  Contains  30  va- 
riable stars. 

13.  Cluster  in  Canes  Venatici  [N.  G.  C.  5272].  Contains 
87  variable  stars. 

14.  Cluster  in  Serpens  [N.  G.  C.  5904].  Contains  46  va- 
riable stars. 

15.  Cluster  in  Serpens  [N.  G.  C.  5904].  Taken  two  hours 
later  than  No.  14  and  showing  change  in  brightness  of 
several  of  the  stars. 

16.  Cluster  in  Sagittarius  [N.  G.  C.  6656].  Contains  4 
variable  stars. 

17.  New  Star  in  Perseus,  1887. 

18.  New  Star  in  Norma,  1893. 

19.  New  Star  in  Carina,  1895. 
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20.  New  Star  in  Centaurus,  1895. 

21.  Spectra  of  Stars  in  vicinity  of  tj  Carinas. 

22.  Spectra  of  Stars  in  cluster  in  Carina  [N.  G.  C.  3532]. 

23.  Discovery  of  new  variable  stars  from  their  spectra. 

24.  New  Algol  variable  in  Delphinus. 

25.  Light  curves  of  variable  stars. 

2.  Photographs  of  Planetary  Spectra  made  with  the  Spectro- 
scope of  the  Allegheny  observatory.  Exhibit  of  Prof.  J. 
E.  Keeler,  Allegheny,  Pa. 

These  photographs  were  made  either  for  the  purpose  of 
determining  the  relative  motion  in  the  line  of  sight  of  dif- 
ferent parts  of  the  surface  of  a  planet,  or  for  determining 
whether  it  is  possible  to  detect  the  existence  of  an  atmos- 
phere around  a  planet  by  absorption  lines  in  its  spectrum. 

1.  Spectrum  of  Jupiter,  region  of  Hy^  October  16,  1892. 
No  comparison  spectrum. 

2.  Spectrum  of  Jupiter;  region  of  yellow  green,  February 
24,  1895.  Sky  spectrum  for  comparison.  Original 
negative. 

The  obliquity  of  the  planetary  lines  is  due  to  the  rota- 
tion of  Jupiter. 

3.  Positive  Copy  of  (2). 

4.  Spectrum  of  Jupiter;  region  of  D,  February  26,  1895. 
Sky  spectrum  for  comparison. 

This  spectrum  extends  far  delo-w  the  principal  water- 
vapor  band  5,  which,  however,  does  not  appear  on  the 
photograph,  as  the  negative  w^as  developed  for  the  D 
lines. 

5.  Spectrum  of  Saturn;  focus  on  ^5352.  April  9,  1895. 
Lunar  comparison  spectrum.  Original  negative.  First 
measurement  of  relative  velocities  in  the  system  of 
Saturn.   i^Astrophysical  Journal^  May  and  June,  1 895. ) 

6.  Spectrum  of  Saturn,  April  28,  1895.     Positive  copy. 

7.  Spectrum  of  Venus,  April  23,  1895,  with  simultane- 
ously photographed  sky  spectnim.  The  planetary 
lines  are  displaced  slightly  toward  the  violet  by  the 
approaching  motion  of  Venus. 
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8.  Spectrum  of  Venus,  with  simultaneously  photographed 
sky  spectrum,  November  12,  1895.  This  photograph 
was  made  with  a  diffraction  grating  (3d  spectrum, 
H;')  and  a  camera  of  28  in.  focus,  and  shows  the  highest 
dispersion  that  it  has  been  practicable  to  use  so  far. 
Made  in  connection  with  experiments,  not  yet  com- 
pleted, on  the  possibility  of  determining  the  rotation 
period  of  Venus  by  spectroscopic  methods. 

9.  Solar  Spectrum,  same  apparatus  as  for  No.  8,  showing 
the  definition  of  the  instrument  under  favorable  cir- 
cumstances. 

10.  Enlargement  of  Spectrum  of  Saturn,  April  17,  1895. 

11.  Enlargement  of  Spectrum  of  Saturn,  region  of  H/', 
May  16,  1895.  By  Prof.  W.  W.  Campbell,  with  the 
Lick  Spectrograph.  {Astrophyszcal Journal^  August, 
1895.) 

3.  Six-inch  Eqjjatorial  Telescope.     New  Model. 

4.  Improved  Filar  Micrometer. 

5.  Photographs  of  Large  Equatorials. 

Nos.    3-5    exhibited   by   Messrs.    Warner  &   Swasey, 
Cleveland,  O. 

6.  Spectroscope  to  fit  six-inch  equatorial. 

7.  Very  small  Spectroscope. 

8.  Helioscope. 

9.  Telescope  Objectives. 

10.  Accurate  Plane  and  Parallel  Surfaces. 

No.  6-10  exhibited  by  J.  A.  Brashear,  Allegheny,  Pa. 

1 1 .  Microscope  Theodolite,  by  Wannschaff  of  Berlin,  made 

1895. 

12.  Lantern  Slides  from  original  negatives  of  the  following 

objects : 

I.  Eta  Argus,  from  negatives  made  at  the  Cape  of 
Good  Hope  Observatory  by  C.  Ray  Woods,  under 
the  direction  of  Dr.  Gill.  Exposure  times  vary 
from  five  minutes  to  twenty-five  hours.  For  com- 
parison, Herschers  drawing  of  1834  will  be  shown. 
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2.  Variable  star  in  Vela,  several  photographs,  show- 
ing the  variation  of  the  star. 

3.  Specimen  plates  of  the  Astro-photographic  Cata- 
logue and  Chart  work  at  the  Cape  of  Good  Hope 
Obser\'atory. 

Nos.  II  and  12  exhibited  by  Columbia  University  Observa- 
tor^',  J.  K.  Rees,  Director. 


PHYSICS. 


In  Charge  of  William  Hallock. 

I .  DiBDiN  Pentane  Lamp.  Exhibited  by  Alexander  C.  Hum- 
phreys. The  Standard  of  illumination  adopted  in  Lon- 
don.    It  is  approximately  equal  to  10  candles. 

2  PoLARiscoPE,  special  form  designed  by  Prof.  A.  M.  Mayer. 
Exhibited  by  the  Department  of  Physics,  of  Columbia 
University. 

3.  Two  Mirror    Heliostat.      Designed    by   Prof.   A.    M. 

Mayer.     Exhibited   by   the   Department   of   Physics,  of 
Columbia  University. 

4.  Apparatus  for  Showing  the  Vibration  of  a  String. 

Designed  by  Prof.  W.   L.  Robb.     Exhibited  by  O.  N. 
Rood. 

5.  Apparatus  for  Voice  Analysis.     A  modification  of  the 

Koenig   apparatus,   with  photographic    record.     Accbm- 
panied  by  a  set  of  corresponding  organ-pipes. 

6.  Photographs  of  the  same  vowel  in  typical  voices. 

7.  Photographs  of  different  vowels  in  the  same  voice. 

8.  Apparatus  for  Photographing  the  Vocal  Cords  in 

Action.     A  combination  of  laryngoscopic  mirror,  spe- 
cial Camera  and  Shutter. 
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9-  Photographs  of  Vocal  Cords  in  Action  on  Different 
Pitches.  Showing  the  rotation  of  the  aretynoid  carti- 
lages and  consequent  shortening  of  the  vibrating  length 
of  the  cords. 

Nos.  5-9,  exhibited  by  W.  Hallockand  F.  S.  Muckey. 

10.  RoNTGEN  Photographs.     Exhibited  by  W.  L.  Robb,  W. 

W.  Griscom  and  W.  Le  Conte  Stevens. 

1 1 .  RoNTGEN  Photographs  and  Apparatus.     Exhibited  by 

O.  N.  Rood. 

12.  PsEUDO-RoNTGEN    PHOTOGRAPHS.     Exhibited    by   H.    S. 

Curtis.     Made  by  sunlight  through  an  ebonite  slide. 

13.  Mahler's  Modification  of  Berthelot's  Calorimeter.     Ex- 

hibited by  J.  Struthers. 

14.  Thompson's  Calorimeter.     Exhibited  by  J.  Struthers. 

15.  Lovibond  Tintometer.     Exhibited  by  C.  F.  Chandler. 

16.  Micro-Sterograph.     Exhibited  by  O.  N.  Rood.     Taken 

by  a  special  method. 

17.  Modification    of    Regnault's   Specific   Heat    Appa- 

ratus.    Exhibited   by   the  Department   of   Physics,  of 
Columbia  University. 

ELECTRICITY. 


In  Charge  of  M.  I.  Pupin. 

I.  Apparatus  for  studying  long  electric  waves,  and  curves, 
plotted  from  experimental  data,  illustrating  the  distribu- 
tion of  long  electric  waves  along  a  conductor.  Exhibited 
by  Prof.  M.  I.  Pupin. 

An  alternating  electric  current  is  propagated  along  a 
long  conducting  line,  say  a  telephone  wire,  by  a  series  of 
progressive  waves.  The  exhibit  represents  an  artificial 
conductor  of  500  miles  in  length  corresponding  to  a  long 
distance  telephone  line  of  the  same  length  and  the  meas- 
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urements  obtained  with  it  represent  the  first  experimental 
data  that  have  ever  been  obtained  in  this  field  of  electric 
research. 

2.  Apparatus  for  studying  the  magnetic  lag  in  closed  magnetic 

circuits  and  diagrams,  plotted  from  experimental  data, 
recording  the  results  obtained.  Exhibited  by  Chas.  T. 
Rittenhouse,  Fellow  in  Electricity,  Columbia  University. 
When  iron  is  magnetized  by  a  rapidly  varjring  force 
the  magnetization  does  not  keep  in  step  with  the  force,  but 
lags  behind  it.  This  lag  is  due  to  induced  currents  in  the 
mass  of  the  iron  and  to  internal  viscosity ;  it  is  especially 
strong  in  closed  magnetic  circuits,  and  increases  with  the 
increase  of  the  speed  of  the  magnetizing  force,  but  dimin- 
ishes with  the  increase  of  temperature. 

3.  Apparatus  eniployed  for  generating  the  radiant  energy  dis- 

covered by  Professor  Rontgen.  Exhibited  by  Prof.  M. 
I.  Pupin. 

A  rotating  current  interruptor  and  induction  coil  and 
different  types  of  Crooke's  and  electrodeless  tubes. 

4.  Silhouettes  or  Radiographs   obtained  by  the   Rontgen 

method.  Exhibited  by  several  physicists  whose  names 
are  attached  to  the  several  exhibits. 

CHEMISTRY. 
D 

In  Charge  of  C.  E.  Pellew  and  Morris  Loeb. 

1.  Argon  and  Helium.  Exhibited  by  Charles  E.  Pellew  and 
Samuel  A.  Tucker. 

Argon  and  Helium  are  two  newly  discovered  elements 
of  the  Nitrogen  group.  Argon  occurs  in  minute  particles 
in  the  atmosphere. 

Helium  was  first  discovered  by  the  spectroscope,  in  the 
atmosphere  of  the  sun,  and  more  recently  has  been  pre- 
pared in  bulk  from  Monazite  and  other  minerals. 
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The  exhibit  shows  tubes  of  Argon  and  Helium,  ren- 
dered incandescent  by  the  electric  spark,  so  as  to  exhibit 
the  characteristic  spectra. 

Also  tubes  containing  large  amounts  of  Helium,  and 
the  apparatus  for  preparing  Helium  from  Monazite. 

2.  Norman  Heptyl  Sulfocyanide.  Exhibited  by  Marston 
T.  Bogert,  of  the  Department  of  Organic  Chemistry, 
School  of  Mines,  Columbia  University. 

This  compound,  hitherto  unknown,  was  prepared  by 
the  exhibitor  in  January,  1896.     Its  graphic  formula  is: 

CH,.    (CHa)^.    SCN. 
Sp.Gr.  =0.931®  15°  C. 
B.  P.  =  230-234^0. 

When  freshly  distilled,  it  forms  a  colorless  oil,  which 
gradually  turns  yellow  when  exposed  to  light  and  air. 


PHOTOGRAPHY. 

In  Charge  of  Cornelius  Van  Brunt. 

Anti-Halo,  for  preventing  halation,  with  plate  coated  and 
plates  showing  the  difference. 

Meta-carbol,  a  new  developing  material,  with  bottle  of 
developer  and  negatives. 

Stipple  Plates,  the  use  of  which  will  prevent  retouching. 

These  are  to  be  used  in  contact  with  the  plates  during 

exposure  in  the  camera,  with  prints  illustrating  the  same. 

Olmsted's  Lantern  slide  mats,  from  which  any  design 
or  size  of  Mat  can  be  cut  without  the  aid  of  a  ruler. 

Wynne's  Exposure  Meter,  a  pocket  apparatus  for  giving 
the  correct  time  of  exposure. 
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6.  Dalmeyer  BERGHEi&i  Portrait  Lense. 

7.  Dalmeyer  Stigmatic  Lense. 

Nos.  1-7  exhibited  by  E.  and  H.  T.  Anthony. 

8.  New  Photographic  Apparatus.     Exhibited  by  Scoville 

&  Adams  Co. 

9.  High-class  and  Novel  '^  Projection  Apparatus."    -Ex- 

hibited by  J.  B.  Colt  &  Co. 

10.  New  Lanterns  and  apparatus.     Exhibited  by  Charles 

Beseler. 

11.  Samples  of  Artotype,  in  color. 

12.  Samples  of  Facsimile. 

Nos.  1 1  and  1 2  exhibited  by  Edward  Bierstadt. 

13.  Photo-micrographs,  in  three  colors.     Exhibited  by  Edw. 

Learning,  M.  D. 

14.  24  Photographs  of ''Lightning."     Exhibited  by  W.  N. 

Jennings. 

1 .  First  photograph  of  lightning  ever  taken,  to  prove  that 

the  discharge  is  wavy^  not  zigzags  as  usually  repre- 
sented by  artists.  Taken  September  2,  1882,  at 
Philadelphia. 

2.  Photograph   clearly    demonstrating   the   truth   of  the 

"wavy  line"  theory  of  lightning. 

3.  Artificial  lightning   (Holtz  machine  discharged)   for 

comparison  with  real  ''Jersey  Lightning." 

4.  Divided  discharge  (forked  lightning). 

5.  "Branched"  lightning,  explaining  "tree  marks"  often 

found  upon  the  bodies  of  persons  struck  by  light- 
ning. 

6.  Artificial   "branched"  discharge   (the  spark  from  a 

Holtz  machine  flashed  directly  across  the  face  of 
the  photographic  plate,  no  lens  being  employed) . 

7.  Parallel  discharges.     Stratification  due  to  movement 

of  conducting  path  by  the  wind. 
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8.  Holtz    machine    '*  Brush"    discharge     (Photographic 

plate  being  placed  horizontally  between  the  elec- 
trodes), showing  electric  "  lines  of  force." 

9.  Holtzmachine  spark  (plate  being  placed  vertically  be- 

tween the  electrodes),  showing  electric  '*  lines  of 
force." 

10.  Meandering  discharge.     Illustrating  the  service  of  trees 

during  a  thunder  storm — to  dissipate,  neutralize  or 
conduct  the  discharge. 

11.  ''Beaded "or  "Rosary"  lightning.     Supposed  to  be 

the  track  of  a  rotating  ball  of  fire  moving  through 
space.     A  "  thunderbolt." 

12.  "  Beaded  "  or  "  Rosary  "  lightning. 

13.  Two  parallel  discharges  branching  from  a  main  stem. 

14.  Radial  lightning.     The  discharge  having  the  appear- 

ance of  heat-cracked  glass. 

15.  Collision  of  two  discharges  in  mid-air,  and  the  produc- 

tion of  "thunderbolts." 

16.  "Ribbon"^  lightning.       (An     oscillating     discharge 

moved  by  the  wind.)  Caught  on  the  prairie  of 
North  Dakota  at  midnight  from  the  rear  platform  of 
an  express  train. 

15.  Reproduction  of  ^he  Three  Color  Process.    Negatives 

and  plates  untouched  by  hand.  Examples  are  from  Life, 
Nature,  Still  Life,  Paintings,  produced  by  the  N.  Y. 
Photogravure  Company.     Exhibited  by  Ernest  Edwards. 

16.  Radiographs  WITH  "Roentgen"  Rays,  and  other  photo- 

graphs.    Exhibited  by  John  S.  McKay. 

1 .  Photographs  of  Apparatus  used  in  producing  Rontgen 

rays.  • 

2.  Radiographs  of   hand  containing   bullet.     Frog  with 

broken  leg.     Bird  with  shot  in  body. 

3.  Radiographs    showing    skeletons   of    small    animals. 

Frog,  turtle,  salamander,  etc. 

4.  Radiographs  showing  relative  capacity  to  "  Rontgen 

rays  "  of  various  solids  and  liquids. 
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5.  Electrographs  of  Coins  taken  in  the  dialectric  of  a 

condensor. 

6.  Photograph  of  bottom  of  developing  tray  broken  in  a 

dark   room,   upon  plates  which  had   been  exposed 
to  "Rontgen"  rays. 

7.  Radiographs  of  a  Key  taken  at  more  than  six  feet  from 

vacuum  tube. 

17.  Arc  Lamp  for  Photography,  which  operates  under  con- 

ditions of  absolute  steadiness  for  all  photographic  pur- 
poses. 

18.  Screen  for  diffusing  light,  assuming  many   different 

shapes  by  a  touch. 

Nos.  17  and  18  exhibited  by  the  International  Lamp  Co. 

GEOLOGY. 


In  Charge  of  J.  J.  Stevenson. 

1.  Suite   of   Ores,    Rocks   and  Photographs   from   Cripple 

Creek,  Colorado.  Exhibited  by  Prof.  J.  F.  Kemp. 
The  ore  deposits  are  oftenest  aSsociated  with  dikes  of 
phonolite  or  nepheline-basalt  that  penetrate  the  red  gran- 
ite of  the  Pike's  Peak  region,  or  a  decomposed  breccia  of 
andesite.  They  also  line  in  veins  which  fill  more  or  less 
irregular  fissures  in  the  andesite  breccia  away  from  dikes. 
The  ores  are  fresh  or  decomposed  telluride  of  gold. 

This  district  was  described  before  the  Academy,  Feb- 
ruary 7,  1S96. 

2.  Suite  of  Ores,  Rocks  and  Photographs  from  the  Bertha 

and  Wythe  Zinc  mines,  in  southwest  Virginia.  Exhib- 
ited by  Prof.  J.  F.  Kemp.  The  Siluro-Cambrian  lime- 
stone has  been  originally  charged  with  zinc  blende  and 
pyrites  at  the  Bertha  mines,  and  with  these  and  galena  at 
the  Wythe  mines.     It  has  decomposed,  leaving  a  residual 
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clay.  The  zinc  blend  has  yielded  calamine,  a  hydrated 
silicate  of  zinc,  that  has  leached  down  and  formed  incrus- 
tations on  the  undecomposed  limestone. 

These  mines  were  described  to  the  Academy  Novem- 
ber i8,  1895. 

Suite  of  Specimens  from  Essex  County,  N.  Y.,  showing  the 
development  of  crushed  and  brecciated  rocks  and  gneisses 
from  originally  massive  igneous  forms.  Exhibited  by 
Prof.  J.  F.  Kemp.  The  specimens  are  the  labradorite 
rock  and  gabbros  from  the  Adirondacks.  No.  i  shows  a 
massive,  coarsely  crystalline  aggregate  of  dark  crystals  of 
labradorite  from  Lake  Sanford ;  in  No.  2  and  following 
numbers  the  minerals  are  more  and  more  crushed  until 
only  a  pulp  of  the  original  rock  is  left  in  No.  13.  Nos. 
14-19  show  the  development  of  gneissoid  forms;  Nos.  20 
and  following  exhibit  the  passage  of  massive  gabbro  into 
hornblende  gneiss.  The  changes  were  brought  about  by 
dynamic  metamorphism. 

Series  of  Rock  Specimens,  Maps  and  Photographs  illus- 
trating the  geology  of  Mount  Desert  Island,  Maine,  and 
vicinity.'  Exhibited  by  Theodore  G.  White,  Geological 
Department,  Columbia  University. 

This  embraces  the  original  metamoi*phosed,  unfossil- 
iferous  slates,  through  which  the  following  rocks  were 
ejected :  The  red  granite,  forming  the  central  core  of  the 
island;  rhyolites,  varying  in  type  and  structure;  repre- 
sentatives of  a  few  of  the  dikes ;  ores  and  associated  rocks 
from  the  Blue  Hill  and  Cape  Rosier,  Maine,  copper 
mines ;  contorted  quartzose  schists  from  Blue  Hill. 

Set  of  Rocks  from  the  southern  portion  of  the  Boston  Basin, 
Mass.,  collected  by  Prof.  W.  O.  Crosby.  Exhibited  by 
Theodore  G.  White. 

This  series  embraces  the  Paradoxides  slates  of  Brain- 
tree  ;  the  Quincy  hornblendic  granite ;  biotitic  granite ; 
diorites    and    dioritic    granites;    flow     and    porphyritic 
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rhyoHtes  of  the  Blue  Hills  and  their  gradations;  the  mel- 
aphyr  outflow  and  accompanying  conglomerates  of 
Hough's  Neck ;  selections  from  the  dikes. 

6.  Series  of  Specimens  from  Montreal,  Canada.     Collected  and 

exhibited  by  Theodore  G.  White. 

1.  Mile-End   quarries;   Trenton   and    Chazy   limestone. 

2.  Corporation  quarries ;  elaeolite  syenite  and  associated 
limestone,  slates,  granites  and  dikes.  The  clseolite  syenite 
here  cuts  the  Trenton  limestone  and  is  older  than  the 
Helderberg,  because  boulders  of  it  are  found  in  the  Hel- 
derberg  conglomerate. 

7.  Bauxite  and  Associated  Clays  from  northwestern  Georgia 

and  northeastern  Alabama  with  photographs  of  the  mines. 
Exhibited  by  Heinrich  Ries. 

This  material,  which  is  used  for  the  manufacture  of 
alum  and  aluminum,  occurs  in  a  belt  about  40  miles  long. 
Its  formation  is  due  to  the  action  of  hot  springs. 

8.  Dikes  from  Dorset  Mt.,  Vt.     Exhibited  by  Heinrich  Ries. 

These  dikes  are  found  in  the  marble  quarries  at  several 
points. 

9.  Variegated  Marbles  from  Swanton,  Vt.   .  Exhibited  by 

Heinrich  Ries. 

10.  A  series  of  Gneissic  Rocks  and  Dikes  from  the  Highlands 

of  Orange  Co.,  N.  Y.     Exhibited  by  Heinrich  Ries. 

The  Highlands  of  Orange  Co.,  N.  Y.,  are  composed 
of  a  series  of  gneisses  and  gneissic  rocks  with  occasional 
interbedded  limestones  and  deposits  of  magnetite.  These 
rocks  are  cut  by  many  dikes  of  diabase  and  diorite.  They 
will  be  described  in  the  report  of  the  State  Geologist  for 

1895. 

11.  Kaolins  from  North  Carolina,  collected  by  J.  A.  Holmes. 

Exhibited  by  Heinrich  Ries. 

12.  PoRPHYRiTic  Gneiss  and  Intrusive  Rocks  of  the  Cort- 

landt  series  from  Bedford  village,  Westchester  Co.,N.  Y^ 
Exhibited  by  L.  M.  Luquer  and  Heinrich  Ries. 
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This  peculiar  phase  is  marked  with  the  development  of 
phenocrysts  of  feldspar.  They  were  furthermore  pene- 
trated by  gabbroitic  rocks.  These  latter  represent  a  new 
and  undescribed  extension  of  the  Cortlandt  series  to  the 
eastward. 

13.  Series  of  Coals  from  Madrid,  New  Mexico.     Exhibited  by 

ProC.  J.  J.  Stevenson. 

These  are  from  the  Old  Placer  coal  field  and  show  the 
passage  from  bituminous  to  anthracite  coal. 

14.  Specimens  of  Asphalt  from  Indian  Territory.     Exhibited 

by  Prof.  J.  J.  Stevenson. 

This  material  is  obtained  from  the  Upper  Carboniferous 
beds  of  south'central  Indian  Territory. 

15.  A  series  of  Lead  and  Zinc  Ores  from  Joplin,  Mo.     Ex- 

hibited by  Prof.  J.  J.  Stevenson. 

16.  A  series  of  Rock  Salt  Specimens,  collected  from  central 

New  York  by  C.  Q.  Freeman.     Exhibited  by  Prof.  J.  J. 
Stevenson. 


MINERALOGY. 
O 

In  Charge  of  Edmund  Otis  Hovey. 

1.  Lorandite,  with  Realgar,  Macedonia.     A  compound  of 

Tl,  As  and  S,  a  new  mineral. 

2.  Olivenite,  Centennial  Mine,  Tintic  Dist.,  Utah.     Very  fine 

crystals. 

3.  Sylvanite,  Cripple  Creek,  Colorado. 

4.  Griphite,  Rivertoo  Lode,  near  Harney  City,  S.  D.  A  rare, 

problematical  phosphate  of  Al,  Mn,  Ca,  Na,  etc. 

5.  Argyropyrite  and  Pyrargyrite,  Freiberg,  Saxony. 
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6.  LiTHioPHORiTE,  Rengcrsdorf ,  Germany.    A  manganese  ore 

containing  lithium. 

7.  PowELLiTE,  Calumet,  Mich.     A  new  locality  for  this  rare 

mineral. 

8.  Aegirite,  Langesund,  Norway.     A  fine,  large  crystal. 

9.  Epistilbite,  Bemfiord,  Iceland. 

ID.  Opal,  Frankenstein,  Silesia.     Green. 

11.  Cassiterite,  Lake  Titicaca,  Bolivia. 

12.  Kylindrite,  Santa  Ciniz  Mine,  Poop6,  Bolivia.     Pb^Sb,- 

SujSj.     A  new  mineral. 

13.  Sulphur,  Japan.     Contains  tellurium. 

14.  Barite,  Silver  Plume,  Colorado.     A  large  crystal. 

15.  Barium-Feldspar,  Grythyltan,  Sweden. 

16.  AsBEFERRiTE,   Grythyltan,   Sweden.     An  iron-manganese 

amphibole. 

17.  Ganomalite,   Nordmarken,   Sweden.      A  rare  silicate  of 

lead,  calcium  and  manganese. 

18.  Manganhisingerite,  Silfberg,  Sweden. 

19.  Manganapatite,  Horrsjoberg,  Sweden. 

20.  Manganbrucite,  Nordmarken,  Sweden. 

21.  Manganostibiite. 

22.  BiHARiTE,  Rezbdnya. 

23.  Carphosiderite,  Romanche,  France. 

24.  Veszelyite,  Vaseo. 

25.  Wad,  Romanche,  France.     Var.  Groroilite. 

26.  Muscovite,  Lincoln  Co.,  N.  C.     Transparent  green  crys 

tais. 

27.  Apophyllite,  Paterson,  N.  J. 

28.  Zircon,  Ceylon.     Cut  gems. 
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29.  Andalusite,  Brazil,     tut  gem. 

30.  Ruby,  Paris,  France.     Artificial  production. 

31.  Whewkllite,  Zwickau,  Saxony. 

32.  Thaumasite,  Areskutd,    Sweden.     From  the  original   lo- 

cality.    Compare  with  that  from  West  Paterson,  N.  J., 
recently  discovered. 

33.  Calcite,  Richelsdorf,  Hesse.     Calc-sinter  colored  by  co- 

balt. 

34.  Calcite,  Richelsdorf,  Hesse.     Calc-sinter  colored  by  cop- 

per. 

35.  Crocidolite,  Cochabamba,  Bolivia.     New  locality. 

36.  Gold,  Verespatak,  Hungary. 

37.  Phosgenite,  Monte  Poni,  Sardinia.     On  galenite. 

38.  Melanophlogite,  Ragalmuto,  Sicily.     On  sulphur. 

39.  Lautite,  Nr.  Marienberg,  Saxony.     With  arsenic. 

40.  Pholerite,  Kohlendorf,  Sweden.     A  form  of  kaolinite. 

With  millerite. 

41.  Galenobismutite,  Falun,  Sweden.     Contains  selenium. 

42.  Tellurium,  Nagydg,  Transylvania.     With  nagyagite. 

43.  -Talc,  Thiersheim,  Bavaria.     Pseudomorph  after  quartz. 

44.  Talc,  Thiersheim,  Bavaria.     Pseudomorph  after  dolomite. 

A  collection   illustrating  the  association  of   minerals   in 
the  pegmatite  veins  near  Bedford,  N.  Y. 

45.  Uraninite  and  Uranotile. 

46.  autunite. 

47.  Menaccanite  (Ilmenite). 

48.  Tourmaline. 

49.  Garnet. 

50.  Quartz,  a^  White. 
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51.  bt  Rose. 

52.  c,  Smoky, 

53.  Feldspar. 

54.  Feldspar  and   Quartz    intergrowth    forming   "Graphic 

granite." 

55.  Feldspar  ''augen"  in  gneiss. 

56.  Muscovite. 

57.  BlOTITE. 

Nos.  I  to  57  exhibited  by  the  Mineralogical  Depart- 
ment of  Columbia  University,  through  Prof.  Thomas  Eg- 
leston  and  Dr.  Lea  McI.  Luquer. 

58.  Orthoclase,  very  large  crystals,  with  specimens  of  asso- 

ciated minerals  from  veins  of  coarse  pegmatite  on  the 
north  shore  of  Long  Island  Sound. 

Collected  (1895)  and  exhibited  by  Prof.  J.  F.  Kemp, 
Columbia  University. 

59.  Tourmaline.     Bethel,  Conn.     A  very  large  crystal.     Ex- 

hibited by  Prof.  E.  S.  Dana,  Yale  University. 

60.  Fedorow  Universal  Microscope  Stage,  combined  with 

the  Klein  *'Universal-Drehapparat;"  made  by  R. 
Fuess  in  Berlin  after  the  plans  of  Prof.  E.  von  Fedorow, 
of  Moscow,  and  Prof.  C.  Klein,  of  Berlin. 

This  apparatus,  if  placed  on  the  stage  of  a  polarizing 
microscope,  allows  the  object,  whether  a  thin  section  of 
a  rock  or  mineral  or  a  small  crystal,  to  be  placed  at  al- 
most any  angle  to  the  axis  of  the  microscope,  for  by 
means  of  the  two  axes  of  revolution,  in  addition  to  the 
usual  horizontal  revolution  of  the  stage  of  the  microscope 
about  the  axis  of  the  instrument,  we  are  able  to  revolve 
the  object  about  three  axes  at  right  angles  to  each  other, 
and  hence  bring  almost  any  direction  ia  it  parallel  to  the 
axis  of  the  microscope,  subject  of  course  to  the  necessary 
limitations  to  the  extent  of  the  motion  which  the  condi- 
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tions  impose.  This  is  especially  useful  in  studying  the 
optical  properties  of  minerals  in  thin  sections,  as  illus- 
trated by  the  present  arrangement  of  the  instrument  and 
the  first  cut  accompanying  it. 

The  other  part,  the  "Universal  Drehapparat,"  consists 
of  a  small  glass  vessel  for  holding  a  highly  refracting  fluid 
in  which  the  section  or  crystal  is  immersed  after  being 
fastened  on  a  small  movable  holder  which  permits  adjust- 
ment to  the  axes  of  revolution  of  the  apparatus.  The 
microscope  is  placed  horizontally,  as  shown  in  the  second 
cut,  and  the  observations  made  with  the  same  possibility 
of  revolution  on  three  axes,  whether  for  optical  study  or 
the  measurement  of  the  angles  of  crystals.  A  special  long 
focus  condensing  lens  and  similar  objective  accompany 
the  instrument,  which  allow  space  for  the  revolution  of 
the  object. 

Exhibited  by  the  Department  of  Mineralogy  and  Petrog- 
"    raphy  of  Harvard  University  through  Prof.  J.  E.  Wolff. 

62.  Danburite,  Russell,  N.  Y.     Twelve  specimens  showing 

the  variation  in  form. 

63.  Tourmaline,  a,  white,  DeKalb,  N.  Y. 

64.  b,  yellow,  DeKalb,  N.  Y. 

65.  ^,  brown,  Gouvemeur,  N.  Y. 
(>6.                             d^  black,  Pierrepont,  N.  Y. 

67.  Wernerite,  Pierrepont,  N.  Y. 

68.  Wernerite,  Bedford,  Ontario. 

69.  Weirnerite,  Burgess,  Ontai*io. 

70.  Apatite,  Burgess,  Ontario. 

71.  Apatite,  Eganville,  Ontario. 

72.  Apatite,  Bedford,  Ontario. 

73.  Tremolite,  Gouverneur,  N.  Y. 
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74*  Hornblende,  Russell,  N.  Y. 

Nos.  62  to  74,  fifty  specimens,  exhibited  by  Prof.  A.  H. 
Chester,  Rutgers  College. 

75.  Pyroxene,  Tilly  Foster  mine,  Brewster'^,  N.  Y.     A  new 

form  and  very  large  for  this  locality. 

76.  Carbide  of  Aluminum,   crystals  formed  in  an  electrical 

furnace. 

Nos.  75-76,  exhibited  by  Heinrich  Ries. 

77.  The  phosphorescence  of  the  diamond.     Apparatus  de- 

signed to  show  this  peculiar  feature  of  some  stones  by 
electric  arc  light.  The  phenomenon  is  thought  to  be  due 
to  the  presence  of  a  new  hydrocarbon  compound  to  which 
the  name  tiffany  it  e  has  been  given.  A  phosphorescent 
liquid  is  introduced  for  comparison,  and  some  non-phos- 
phorescent diamonds  for  contrast.  Exhibited  by  George 
F:  Kunz. 

78.  Apophyllite,  Bernfiord,  Iceland.     Crystals   showing  the 

planes,  001^  100^  310^  iii^  112. 

79.  Heulandite,  Bernfiord,  Iceland.     Crystals  showing  0/0, 

007,  7/0,  201^  '201^  021^  In. 

80.  Stilbite,  Bernfiord,  Iceland. 

81.  Muscovite.     Henry  Lincoln  Co.,  N.  C.     Crystals. 

82.  Phenacite,  Mt.  Antero,  Colorado.     Twinned  crystals. 

83.  Phenacite,  Mt.  Antero,  Colorado.     Shows  basal  plane. 

84.  Chabazite,   West   Paterson,  N.  J.     Shows  basal   plane. 

Nos.  78  to  84  exhibited  by  Lazard  Cahn. 

Specimens  from  a  new  locality  at  West  Paterson,  N.  J. : 

85.  Heulandite  and  apophyllite,  two  specimens  belonging 

together. 

86.  Heulandite,  large  aggregation  in  the  form  of  a  geode.  ♦ 

87.  Heulandite  and  chabazite. 

88.  Heulandite,  red  and  white  in  one  aggregation. 
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89.  Heulandite,  individual  crystals. 

90.  Hbulandite,  a,  green. 

91.  3,  white. 

92.  Cy  red. 

93.  Analcite  on  pectolite. 

94.  Apophyujte,  large  group  of  primitive  crystals. 

95.  Apophyllitk,  primitive  crystals. 

96.  Apophyllite,  two  large  modified  crystals. 

97.  Calcite,  twin  showing  an  etched  face. 

98.  Calcite,  cleavage  piece. 

99.  Chabazite,  a,  brown. 

100.  3,  white. 

1 01.  c,  green. 

102.  d^  red. 

193.  Datolite  with  prehnite. 

104.  Laumontite. 

105.  Laumontite  with  twinned  calcite. 

106.  Prehnite,  distinct  crystals,  very  rare. 

107.  Pectolite. 

108.  Pectolite,  sections  of  a  sphere  coated  and  cemented  with 

calcite  and  quartz. 

109.  Pectolite. 

no.  Quartz,  pseudomorph  after  pectolite,  showing  moulds  of 
natrolite  crystals. 

111.  Natrolite. 

112.  Stilbite. 

113.  Stilbite,  a,  individual  crystals. 

114.  3,  sheaf -like  form  of  aggregation. 

Nos.-85  to  114  exhibited  by  A.  H.  Ehrman,  Brooklyn. 
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115.  Cyakite,  Death  Rapids,  Columbia  River,  British  Colum- 

bia. Extraordinarily  large  blades  in  schist.  Collected 
(1895)  ^^^  exhibited  by  Frank  L.  Nason,  New  Bruns- 
wick, N.  J. 

116.  Hanksite,  Borax  Lake,  California.     A  large  cluster. 

117.  BoRNiTE,  North  Carolina. 

118.  Quartz,  Organ  Mountains,  N.  M.     Shows  phantom. 

119.  Calcite,  Burnet,  Texas.     Shows  phantom. 

1 20.  Lignite,  New  Jersey.     Contains  siliceous  casts  of  Teredo 

navalis, 

121.  Barite,  New  Brunswick,  N.  J.     Orange  colored  cxystals. 

122.  Pyrite  Balls,  South  River,  N.  J. 

Nos.   116  to  122  exhibited  by  John  A.  Manley,  New 
Brunswick,  N.  J. 

123.  Tourmaline,    171st  street  and  Ft.  Washington  avenue, 

New  York  City.     An  unusually  large  crystal  in  its  matrix. 

124.  Xenotime,  same  locality.     Three  very  large  crystals  in 

the  matrix. 

125.  MoNAZiTE,  same  locality.     A  large  crystal  in  its  matrix 

and  a  detached  group. 

126.  Xenotime,   184th   street   and   Harlem   River   Speedway, 

New  York  City. 

127.  AzuRiTE,  Bisbee,  Ariz. 

128.  Stalagmite,  Bisbee,  Ariz.     From  the  famous  cave  in  the 

Copper  Queen  mine. 

129.  Stalagmite,  Bisbee,  Ariz.     Cut  section,  polished. 

130.  Helictites,  Bisbee,  Ariz.     Strangely  curved  stalactites. 

131.  Quartz,  Madrone,  Santa  Clara  county,  Cal.     Two  coat- 

ings of  iridescent,  drusy  crystals. 

Nos.    123   to    131,    exhibited   by   the   Department  of 
Geology,  Amer.  Mus.  Nat.  Hist. 
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132.  Thaumasite,  West  Paterson,  N.  J.     Described  from  this- 

locality  in  the  American  Journal  of  Science  for 
March,  1896,  by  S.  L.  Penfield  and  J.  H.  Pratt. 

133.  LoRANDiTE,  Macedonia.     A  new  thallium  mineral. 

134.  Tourmaline,  Connecticut. 

From  recent  finds  in  southwestern  Missouri. 

135.  Galenite,  calcite  and  sphalerite,  Joplin. 

136.  Sphalerite,  Carterville.     Very  light  colored.     Iridescent. 

137.  Leadhillite  and  Calamine,  Granby. 

138.  Calamine,  Aurora. 

139.  Marcasite,  Aurora.     Stalactites  of  fantastic  form. 

Nos.  132  to  139  exhibited  by  Geo.  L.  English  &    Co. 

140.  Lawsonite,    Tiburon    Peninsula,    Marin    Co.,    Cal.     A 

newly  described  silicate  of  Ca  and  Al.  Three  groups  of 
orthorhombic  crystals  showing  variety  of  habit.  Vid, 
Am.  Jour.  Sci.,  July,  1895. 

141.  Northupite,  Borax  Lake,  California.     A  newly  discov- 

ered chloro-carbonate  of  Na  and  Mg.  Eight  octohedral 
ciystals  exhibiting  variety  of  marking  and  grouping. 
Described  by  W.  M.  Foote,  in  Am.  Jour.  Sci.,  Decem- 
ber, 1895. 

142.  Opalized  wood,  Idaho.     A  recent  discovery  of  material 

remarkable  for  the  perfection  with  which  all  the  struc- 
tural peculiarities  of  the  wood  have  been  preserved.  Six 
sections,  three  of  which  have  been  polished. 

143.  Leadhillite,    Granby,  Missouri.     Three   pseudomorphs 

after  galenite  and  calcite. 

144.  Calcite,     Amethystine  Iceland  spar  showing  bands  of  in- 

cluded marcasite  crystals. 

145.  Chalcopyrite,  southwest  Missouri.     On  dolomite  (pearl 

spar) . 
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146.  RuTiLE  in  Quartz,  San  Francisco  Riv.,  Brazil.     "Fleches 

d*  amour."     Ver^'  fine. 

147.  Sph^rostilbite,  Oregon. 

1 48.  Chabazite,  Oregon. 

149.  Thompsonite,  Oregon. 

150.  Halite,  Nr.  Borax  Lake,  Calfornia.     A  suite  of  twelve 

transparent  cubo-octahedral  crystals. 

151.  Halite,    Nr.  Borax  Lake,    California.     Two   groups   of 

pale  yellow  and  pink  cubic   crystals  showing  peculiar 
cavernous  faces. 

152.  Thenardite,  Nr.  Borax  Lake,  California.     Two  gioups 

of  unusually  large  crystals. 

152.  Hanksite,  Nr.  Borax  Lake,  California.  Group  of  very 
large,  brilliant  cr^'stals. 

154.  Dysanalyte,  brilliant  black  crystals  in  gangue. 

155.  Opal,  Washington  State.     Green  mottled  with  red.     Three 

specimens,  one  of  which  is  polished ;  from  a  new  locality. 

1516.  Endlichite,  Lake  Valley,  New  Mexico.  A  rare  variety 
of  vanadinite  in  which  arsenic  has  replaced  half  of  the 
vanadium. 

Nos.   140  to  156,  forty-eight  specimens,  exhibited  by 
Dr.  A.  E.  Foote  (W.  M.  Foote,  Mngr.),  Philadelphia. 

156.  Turquoise,    Cerro   de    Potosi,    Bolivia.     Three   pseudo- 

morphs  after  oithodlase,  simple  and  twinned. 

158.  Pyrite,  Cerro  de  Potosi,  Bolivia.  Two  pseudomorphs 
after  orthoclase. 

Nos.    157,    158  exhibited   by  Frederick  A.   Canfield, 
Dover,  N.  J. 
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PHYSIOGRAPHY. 
H 

In  Charge  of  R.  E.  Dodge. 

1.  A  collection  of   the  best  and    more  recent  scientific  school 

and  college  text-books  on  the  subject  of  Physiography. 
Loaned  by  the  publishers. 

2.  A  collection  of  relief  models  loaned  by  E.  E.  Howell,  maker, 

Washington,  D.  C. 

a.  Topographical  model  of  the  United  States  and  ad- 
jacent ocean  bottoms,  showing  cunature  of  the  earth. 
h.  The  same  showing  influence  of  physical  features  of 
the  United  States  on  the  distribution  of  rainfall. 

c.  Topographic  model  of  the  State  of  Connecticut. 

d.  Topographic  model  of  New  Jersey. 

e.  The  same  colored  to  show  the  relation  of  the  ge- 
ology to  the  physical  features. 

y.  Topographic  model  of  the  vicinity  of  Chattanooga, 
Tenn. 

g.  The  same  to  show  the  relation  of  geology  to  physi- 
cal features. 

3.  A  collection  of  illustrative  models  for  use  in  teaching. 

a.  Three  models  showing  stages  of  development  of 
topography  in  the  down  cutting  of  streams  on  a 
coastal  plain. 

h.  Two  models  showing  effects  of  depression  and  ele- 
vation upon  a  land  well  worn  down  previously. 

c.  Three  models  showing  development  of  form  and 
drainage  in  a  region  made  by  faulting,  as  in  lava 
blocks  of  Oregon. 

d.  Two  models  showing  effect  upon  topography  and 
drainage  of  the  oncoming  of  a  glacier. 

e.  Six  models  showing  development  of  topography 
and  drainage  in  a  land  made  by  volcanic  action  and 
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then  worn  down  after  the  volcanoes  have  become 
extinct. 

f.  Six  models,  in  pairs,  showing  the  interaction  of 
neighboring  streams  in  wearing  down  a  region. 
Note  adjustment  of  drainage  to  structure  of  rocks. 

g.  Three  models  showing  formation  of  alluvial  plain, 
the  later  conversion  into  a  terraced  valley  and  final 
removal  of  all  loose  material  in  the  valley. 

Exhibited  by  the  Geological  Departmont  of  Har- 
vard University,  through  Prof.  W.  M.  Davis,  Chair- 
man. 

,        4.  Maps. 

a.  Geological  map  of  State  of  Alabama,  showing  re- 
lation of  lands  worn  down  in  Cretaceous  times  to 
the  surrounding  unconformable  Cretaceous  sedi- 
ments. 

b.  Map  of  the  alluvial  plain  of  the  Mississippi  show- 
ing many  features  typical  of  rivers  in  their  old  age. 
Note  position  of  stream  in  the  flood  plain. 

c.  Relief  map  of  New  Jersey  showing  the  physical 
features. 

d.  Geological  map  of  New  Jersey  to  be  compared 
with  above  to  note  relation  of  the  topography  upon 
the  character  of  the  rocks. 

e.  Map  of  New  Jersey  showing  water  basins,  illus- 
trating the  complete  division  of  a  land  into  river 
basins. 

f.  Map  of  the  United  States  colored  to  show  the  re- 
lief and  physical  features. 

g.  Topographic  map  of  Now  York  and  vicinity  to 
show  the  relation  of  the  position  of  the  city  to  the 
physical  features  and  history. 

h.  Topographic  map  of  Rhode  Island  showing  effects 
of  glaciation  upon  drainage  and  the  recent  changes 
in  position  of  land  in  reference  to  ocean. 
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/.  Four  maps  of  the  Coast  and  Geodetic  Survey, 
showing  different  types  of  coasts  upon  the  Atlantic 
seaboard. 

Exhibited  by  the  Teachers*  College. 


BOTANY. 


In  Charge  of  H.  H.  Rusby  amd  J.  K.  Small. 

1.  Topographical  Maps  of  the  site  of  the  New  York  Botanical 

Garden,  in  the  eastern  end  of  Bronx  Park,  now  being 
used  in  the  locating  of  the  driveways,  buildings  and  plan- 
tations.   Shown  by  permission  of  the  Board  of  Managers. 

2.  Elements  of  Plant  Anatomy.     A  text-book  for  the  use 

of  students.  Exhibited  by  Prof.  Emily  L.  Gregory,  Ph. 
D.  (Barnard  College). 

3.  Studies  in  American  Bryology.     Exhibited  by  Elizabeth 

G.  Britton  (Torrey  Botanical  Club). 
"  I.  The  Genus  Mnium.     Illustrated  by  specimens  and 
microscopic  preparations. 
2.  New  and  little-known  Mexican  Mosses,  collected 
by  C.  G.  Pringle  and  Jared  G.  Smith. 

4.  Studies    in    Leguminosae.     Specimens    illustrating    new 

species  of  Rhynchosia  Galactia  and  Meibomia  from  North 
America.  Exhibited  by  Anna  Murray  Vail  (Torrey 
Botanical  Club). 

5.  Microscopic  Preparations  and  Drawings  illustrating  a 

study  of  the  Dorsiventrality  of  certain  Climbing  Organs. 
Exhibited  by  Martha  R.  Clarke  (Barnard  College). 

The  cause  of  coiling  in  most  tendril-climbers  is  believed 
to  consist  in  a  sensitiveness,  usually  limited  to  one  side  or 
flank  of  the  coiling  .organ.  In  the  most  common  instances 
there  is  an  anatomical  difference  between  the  sensitive 
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and  non-sensitive  sides.  This  study  was  undertaken  to 
ascertain  to  what  extent  the  anatomical  characteristics 
correspond  with  the  physiology. 

6.  Stems,  Microscopic  Preparations  and  Drawings  Illus- 

trating Studies  of  the  Superfcial  Periderm  of  the  Genus 
Euonymus.  Exhibited  by  Harriet  B.  Elder  (Barnard 
College). 

The  woody  portions  of  stems  of  the  different  species  of 
a  genus  are  quite  similar  in  anatomical  characteristics,  as 
are  also,  to  a  certain  extent,  the  bark  portions.  The 
genus  Euonymus  presents  a  remarkable  exception  to  this 
rule,  as  shown  by  the  external  appearance  of  the  young 
branches  and  by  sections. 

7.  Microscopic  Preparations,  Drawings  and  Wall  Charts 

Illustrating  a  Comparative  Study  of  the  Development  of 
the  Superficial  Periderm  in  the  Genus  Salix.  Exhibited 
by  Alexandrina  Taylor  (Barnard  College). 

In  most  text-books  the  work  of  Sanio  is  taken  as  author- 
ity on  the  development  of  superficial  periderm.  From 
the  large  number  of  species  of  the  genus  Salix  he  se- 
lected one  as  a  type.  The  many  variations  from  this  type 
pointed  to  the  possibility  that  by  extending  the  study  over 
a  greater  number  of  species  than  those  studied  by  Sanio, 
one  might  be  found  which  might  more  justly  be  called 
the  t)'pe  of  the  genus.  This  was  the  object  of  the  study 
here  illustrated. 

8.  MicROSCopic  Preparations  and  Drawings  Illustrating  a 

Study  of  the  Epidermal  Cells  of  the  Leaf  of  Euonymus 
Japonicus.  Exhibited  by  Jane  M.  Atwater  (Barnard 
College). 

The  connection  of  protoplasm  of  cells  of  the  endosperm 
of  certain  seeds  is  considered  a  well-established  fact,  and 
many  botanists  claim  that  the  majorit}-  of  living  cells  are 
thus  connected.  The  pores  on  the  side  walls  of  the  epi- 
dermis of  this  leaf  suggested  the  probability  of  such  pro- 
toplasmic connection. 
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9.  Microscopic  Preparations  and  Drawings  Illustrating  a 
Comparative  Study  of  the  Bark  of  Jnglans  cinerea  at 
Different  Seasons.  Exhibited  by  Marion  McEwen  (Bar- 
nard College). 

This  study  was  undertaken  in  the  interest  of  Research 
Committee  C  (investigating  powdered  drugs)  of  the  Re- 
vision Committee  of  the  United  States  Pharmacopaeia,  to 
discover  characters  in  powdered  Butternut  bark,  by  which 
it  could  be  determined  whether  it  had  been  collected  in 
the  autumn  as  required. 

ID.  Specimens  of  Seeds,  Microscopic  Preparations  and 
Drawings  Illustrating  a  Comparative  Study  of  the  Anat- 
omy of  the  Strophanthus  Seeds  of  Commerce.  Exhibited 
by  Prof.  Smith  Ely  Jelliffe,  M.  D.  (College  of  Phar- 
macy) . 

This  study  was  undertaken  under  the  same  auspices  as 
the  last,  for  the  purpose  of  discovering  characters  for  dis- 
tinguishing the  different  species  and  varieties  of  Strophan- 
thus seeds  in  the  powdered  form.  This  drug  is  used  in 
great  emergencies,  and  some  of  the  seeds  of  commerce 
are  nearly  or  quite  inert,  while  others  are  very  powerful. 

1 1 .  Specimens  of  Winter  Twigs,  Barks  and   Drawings  Il- 

lustrating a  Comparative  Study  of  the  Commercial  Fea- 
tures of  Viburnum  Barks.  Exhibited  by  Prof.  Henry  H. 
Rusby,  M.  D.  (College  of  Pharmacy). 

This  study  was  undertaken  under  the  same  auspices  as 
the  preceding,  in  order  to  determine  characters  for  the  iden- 
tification by  collectors  of  the  different  species  in  the  winter 
season,  and  also  for  identifying  the  barks  in  commerce, 
either  entire  or  in  powder. 

12.  Specimens  of  Plant  and   Fruit,  Microscopic  Prepa- 

rations AND  Drawings,  and  Printed  Report  Illustrating 
a  Study  of  the  Anatomy  of  the  Fruit  of  Serenoa  serrulata 
(Saw-Palmetto).  Exhibited  by  W.  A.  Bastedo,  Ph.  G. 
(College  of  Pharmacy). 
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This  fruit  has  been  recommended  as  favorably  modify* 
ing  nutrition  in  the  wasting  of  phthisis,  and  a  collective 
study  was  made  by  Messrs.  Rusby,  Coblentz  and  Bastedo, 
in  order  to  make  it  more  perfectly  known  to  the  pharma- 
ceutical and  medical  professions. 

13.  Materials  Illustrating  a  Stlt)y  of  Lichens.     Exhib- 

ited by  Albert  Schneider,  M.  D.  (Columbia  University). 

1.  Plates  illustrating  the  mechanics,  growth,  and  spe- 
cial morpholog}*  of  lichens. 

2.  A  diagram    showing    the    polyphyletic    origin   of 
lichens. 

3.  The  new  system  of  lichens. 

4.  A  key  to  the  families  and  genera. 

5.  Specimens  of  lichens  of  historical  interest. 

6.  Microscopical  preparations  showing  lichen-spores. 

7.  Some  papers  on  lichens. 

14.  Specimens,  Microscopic  Preparations  and  Drawings^ 

illustrating  a  Study  of  the  Anatomy  of  Stipules.    Exhib- 
ited by  A.  A.  Tyler,  A.  M.  (Columbia  University). 

Investigation  undertaken  to  ascertain  the  probable  origin 
of  these  organs  and  their  relationship  to  leaf-blades. 

15.  Studies  in  American   Cyperace^.     Exhibited  by  Prof. 

N.  L.  Britton,  Ph.  D.  (Columbia  University). 

Specimens  illustrating  new  species  of  Cyperus,  Eleo- 
charis  and  Rynchospora  and  other  species  new  to  the 
Flora  of  the  United  States. 

16.  The  New  Species  of  Nitalla  from   Japan  and  North 

America.     Exhibited  by  Prof.  Timothy  F.  Allen,  M.  D. 
(Homeopathic  Medical  College) . 

17.  The  New  Genera  of  Saxifragace^,  Jepsonia  and  Sax- 

ifragopsis,  illustrated    by  specimens  and  drawings. 

18.  New  Species  of  Plants  from  the  Southern  United  States, 

in  the  genera  Smilax,    Myrica,  Quercus,    Celtis,    Poly- 
gonella,  Rumex,  Portulaca,  Nymphaja,  Clematis,  Saxi- 
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fraga,  Ribes,  Kneiffia,  CEnothera,  Nyssa,  Cynoctonum, 
Gentiana,  Scutellaria,  Panicum  and  Sieglingia,  illus- 
trated by  specimens. 

19.  OxALis  coRNicuLATA  and  its  North  American  Allies,  il- 

lustrated by  specimens. 

Nos.  17-19  exhibited  by  John  K.  Small,  Ph.  D.  (Co- 
lumbia University) . 

20.  New  Species  of  Gramine-*  in  the  genera  Panicum,  Erian- 

thus  and  Chloris,  illustrated  by  specimens. 

21.  New  Florida  Plants   in  the  genera*  Habenaria,  Warea, 

Phaseolus,  Glottidium,  Cyrilla,  Sida,  Cornus,  Monarda, 
Scoparia,  Utricularia,  Eupatorium,  Lacinaria,  Chrysop- 
sis,  Eriocarpum  and  Pluchea,  illustrated  by  specimens. 

Nos.  20  and   21   exhibited  by  George  V.  Nash    (Co- 
lumbia University). 

22.  Specimens  and  Microscopic   Preparations  illustrating 

studies  on  the  moss  genera  Climacium  and  Entodon. 
Exhibited  by  A.  J.    Grout  (Columbia  University). 

23.  New  Species  and  Varieties  of  Lathyrus  and  Vicia 

from  North  and  Central  America.  Exhibited  by  Theo- 
dore G.  White,  A.  M.  (Columbia  University). 

24.  Seven  New  Species  of  Plants  from  Texas,  in  the  genera 

Samolus,  Kuhnistera,  Asclepias,  Cressa,  Verbena,  Pents- 
temon  and  Houstonia. 

These  specimens  partially  represent  the  results  of  a  re- 
vision of  the  genera. 

25.  Studies  of  the  Flora  of  the  Hawaiian  Islands.  Speci- 

men.s  illustrating  numerous  new  and  little-known  species, 
collected  during  a  visit  to  the  Islands  in  1895. 

Nos.   24  and  25  exhibited  by  A.  A.    Heller  (Torrey 
Botanical  Club). 

26.  Specimens  and  Photographs  illustrating  a  monographic 

study  of  the  genus  Physalis  in  North  America,  now  in 
publication  in  Memoirs  of  the  Torrey  Botanical  Club. 
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27-  Studies  in  the  Genus  Potentilla.     Specimens  illustra- 
ting new  and  rare  North  American  species. 

Nos.  26  and  27  exhibited  by  Per  Axel  Rydberg,  A.  M. 
(Columbia  University). 

28.  Two  New  Genera  Collected  by  the  Exhibitor  in  Bolivia. 

Riisbyella  Rolfe,  in  the  Orchidaceae,   and  Rusbyanthus 
Gilg,  in  the  Gentianaceae. 

29.  Fifteen  New  Species  of  Rubiace^,  collected  in  Bolivia 

by  Miguel  Bang. 

Nos.  28  and  29  exhibited  by  Prof.  H.  H.  Rusby,  M. 
D.  (College  of  Pharmacy.) 

30.  Critical  Plants   of  the  Local  Flora.     Exhibited  by 

Eugene  P.  Bicknell  (Torrey  Botanical  Club). 

Specimens  illustrating  a  special  study  of  the  local  flora 
now  in  progress  by  the  exhibitor.  Illustrations  from  the 
genera  Carex,  Sisyrinchium,  Hypericum  and  Helianthe- 
mum. 

31 .  Additions  to  the  Flora  of  New  Jersey.     Fifteen  speci- 

mens.    Exhibited  by  William  Van  Sickle  (Torrey  Botan* 
ical  Club). 

32.  Additions  to  the  Flora  of  Richmond   County,  New 

York. 

These  plants  represent  the  species  upon  which  was 
based  the  seventh  appendix  to  the  flor^  of  Richmond 
County  (Staten  Island)  New  York,  published  by  Arthur 
Hoi  lick  and  N.  L.  Britton  in  1879.  The  original  cata- 
logue contained  about  11 00  species.  With  the  seven 
appendices  the  total  now  amounts  to  about  1400  species. 

33.  Leguminous  Pods  from  the  Yellow  Gravel  Sandstone  at 

Bridgeton,  New  Jersey. 

These  pods  represent  the  genera  Me^oneurum  and  Lon- 
chocarpus.  They  occur  in  sandstone  of  late  tertiary  or 
pleistocene  age  in  the  vicinity  of  Bridgeton,  Cumberland 
County,  New  Jersey.     The  genus   Mezoneurum  is  not 
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known  on  the  American  continent.  The  genus  Loncho- 
carpus  has  not  been  recorded  north  of  Mexico.  The  pods 
apparently  represent  species  which  became  extinct  in  re- 
cent geologic  time,  due  to  the  climatic  changes  wrought 
by  the  advent  of  the  ice  age. 

34.  LiRiODENDRON  LEAVES,  Fossil  and  Living. 

The  living  tulip  tree  (Liriodendron  Tulipifera)  is  the 
sole  representative  in  our  modem  flora  of  this  genus, 
which  in  the  past  included  a  large  number  of  species. 
By  means  of  abnormal  leaf  forms  and  leaves  from  young 
shoots  or  seedlings,  an  attempt  is  here  made  to  compare 
the  evolution  of  the  individual  with  the  evolution  of  the 
genus  in  the  past,  as  evidenced  by  the  variation  in  leaf 
forms  during  successjve  geologic  periods. 

Nos.  32-34,  exhibited  by  Arthur  Rollick,  Ph.  B. 
(Columbia  University). 

35.  Colored  Lantern  Slides   of  Flowers.     Exhibited  by 

Cornelius  Van  Brunt  (Torrey  Botanical  Club) . 

36.  A  Double  Flowered  Form  of  Rudbeckia  laciniata. 

Exhibited  by  E.  S.  Miller  (Torrey  Botanical  Club). 

Although  the  plant  has  been  in  cultivation  for  two 
hundred  years,  this  is  the  first  record  of  a  double-flowered 
form. 

38.  Essentials  of  Vegetable  Pharmecognosy,  a  text-book 
on  structural  botany,  especially  designed  for  Pharma- 
ceutical and  Medical  Students.  Exhibited  by  Prof.  H. 
H.  Rusby,  M.  D.,  and  Prof.  Smith  Ely  Jelliffe,  M.  D. 
(College  of  Pharmacy). 

40.  A  Copy  op  a  Translation  of  Westerman's   Compeft" 

dium  der  Botanik.  Exhibited  by  Albert  Schneider,  M. 
D.  (Columbia  University). 

41 .  Volumes  of  the  Bulletin  and  Memoirs  Torrey  Botan- 

ical Club  for  1S95.     Exhibited  by  the  Club. 
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ZOOLOGY. 
J 

In  Charge  of  William  Stratford. 

1 .  The  Sea  Life  of  the  Pacific  Salmon,  (with  specimens  of 

young). 

The  young  Oncorhynchus  return  annually  with  the 
adults  to  the  mouths  of  rivers,  and  do  not  remain  at  sea 
until  sexually  mature,  as  usually  stated. 

2.  Living  Ship  Worm.  (Teredo  navalis).     A  bivalve  mollusc 

which  destroys  ships,  whai^ves,  &c.,  by  boring  tunnels  in 
wood. 

3.  Living  Tube  Worms  (Cistenides  Gouldii)  and  others.    Tube 

building  worms. 

4.  Fishes  new  to  this  locality.    Larimus  and  Elagatis,  the  runner. 

Numbers  1-4,  exhibited  by  Tarleton  H.  Bean,  New 
York  Aquarium. 

5.  Larval   stage  of   the   Earthworm  (AUolabophora  foetida). 

Exhibited  by  N.  R.  Harrington,  Zoological  Department, 
Columbia  University. 

6.  Eggs  of  Thalasserna  (A  marine  worm).    Showing  recent 

discoveries  in  Cytology. 

7.  I.  The  Origin  of  the  Centrosome  of  the  second  polar  spin- 

dle from  that  of  the  first. 
II.  The  Origin  of  the  Centrosome  of  the  second  cleavage 
spindle  from  that  of  the  first. 

Exhibited  by  Bradley  B.  Griffin,  Zoological  Depart- 
ment, Columbia  University. 
.8.  Nuclear  Changes  in  Noctiluca  (a  Protozoan). 

Exhibited  by  G.  N.  Calkins,  Zoological  Department, 
Columbia  University. 
9.  Studies  in  the  Excretory  System  of  Leeches. 

I.  An  Excretory  Cell  with  its  intra-cellular  musculature. 
II.  An  Excretory  funnel,  showing  structure  of  cells  and  cilia. 
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Exhibited   by  Arnold   Graf,  Zoological   Department, 
Columbia  University. 

10.  Preparations  illustrating  Karyokinetic  cell  division  in   the 

Egg  of  an  Annelid  (Nereis) . 

Exhibited  by  E.  B.  Wilson,  Zoological  Department, 
Columbia  University. 

1 1 .  Eggs  and  Larvae  of  Amia  calva  (the  Mud-fish  or  Bow-fin) . 

Exhibited  by  Bashford  Dean,  Zoological  Department. 
Columbia  University. 

12.  Mounted  Asiatic  Elephant    "Tip,"   illustrating  recent 

improvements  in  taxidermy. 

13.  Greenland  Walrus,  female   and   young  calf,    collected 

by  Prof.  L.  L.  Dyche,  on  the  Peary  Relief  Expedition  of 
1895. 

14.  Shin  and   Skull    of   the  fish-eating  Rodent,    Ichthyomys 

Stolzmanni  Thomas,  from  Peru — the  second  known  speci- 
men. 

15.  Specimens  of  the  Snowflake,  Plectrophenax  nivalis,  illus- 

trating change  of  color  from  the  winter  to  the  breeding 
dress  by  the  shedding  of  the  tips  of  the  feathers. 

16.  Specimens  of   the  Sanderling  and  Other  Birds,  illus- 

trating the  change  of  color  by  moulting  in  species  alleged 
to  acquire  the  breeding  plumage  by  change  of  color  in  the 
feathers  without  moulting. 

Nos.  14-18,  exhibited  by  Department  of  Mammalogy 
and  Ornithology  of  American  Museum  of  Natural  History. 

BACTERIOLOGY. 
K 

In  Charge  of  F.  M.  CHEESMA>f. 

1.  Culture   of   Bacillus.  No.   41.     Exhibited  by  Prof.  H. 
W.  Conn,  Wesleyan  University. 

Morphological  preparations  of  Bacillus,  No.  41 .     This 
bacillus,   obtained   originally  from  a  specimen  of   milk 
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from  Uruguay  has  been  found  to  possess  a  marked  power 
of  ripening  cream  for  butter  making. 

Experiments  in  various  dairies  have  shown  that  the  use 
of  this  bacillus  for  the  production  of  flavor  in  butter  is 
feasible  and  that  a  somewhat  enhanced  keeping  property 
is  given  to  the  butter  by  the  use  of  this  culture. 

ANATOMY. 
'  L 

In  Charge  of  George  S.  Huntington. 

►  Rbcent  Observations  in  Human  and  Comparative  My- 
ology. 

a.  New  and  rare  variations  of  the  Pectoral  Group  in 
Man. 

b.  Morphology  of  the  Sternalis  Muscle ;  Relation  of 
the  muscle  to  the  Structure  of  the  Pectorales  in 
Mammalia. 

Human  M.  Sternalis 

Pectoral  muscles  of  Hydrochoerus  capybara. 

"  Enthizan  dorsatus. 

"  Dasypus  sexcinctus. 

"  Tatusia  peba, 

"  Manis  macrura. 

"  Viverra  civetta. 

"  Hapale  jacchus. 

"  Macacus  nemestrinus. 

"  Didelphis  virginiana. 

,  Anatomy  of  the  Pectoral  muscles  in  Felis  leo.     Exhibited  by 
Mr.  Line. 

Myology  of  the  Shoulder  Girdle  of  Lagothrix  hum^ 
boldtii.     Exhibited  by  Mr.  Lee. 

Myology    op    the    Anterior    Extremity    of    Lemur 
bruneus. 
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PALEONTOLOGY. 

M 

In  Charge  of  J.  L.  Wortman. 

Series  of  Skulls  of  Uintatheres,  showing  their  develop- 
ment in  time.  From  the  Eocene  of  the  Bridger  Basin, 
Wyoming.  Collected  by  Messrs.  Wortman  and  Peter- 
son, between  1893  and  1895.  Also,  from  the  Cope  col- 
lection recently  acquired  by  the  Museum. 

Two  Skulls  of  a  new  and  remarkable  form  of  Titanother- 
ium.     From  the  Miocene  of  Dakota. 

Skeleton  of  Hyrachyus  Agrarius,  one  of  the  primitive 
Rhinoceroses.  From  the  Eocene  of  the  Bridger  Basin, 
Wyoming.     Mounted  by  Adam  Herman. 

Skull  of  an  undescribed  genus  of  ancient  carnivores.  From 
the  Eocene  of  the  Uinta  Basin,  Utah.  Collected  by 
Messrs.  Wortman  and  Peterson,  in  1895. 

Teeth  and  Forefoot  of  the  earliest  ancestor  of  the  Dog 
family.  From  the  Eocene  of  the  Uinta  Basin,  Utah. 
Discovered  by  Mr.  Peterson  in  1895. 

Skull  of  a  Monkey,  Hyopsodus,  Leidy.  From  the  Eocene 
of  the  Washakie  Basin,  Wyoming.  Discovered  by  Dr. 
Wortman  in  1895. 

Series  of  original  restorations  of  extinct  North  American 
Mammals.  Drawn  by  Charles  R.  Knight,  under  the  direc- 
tion of  Prof.  H.  F.  Osbom  and  Dr.  J.  L.  Wortman. 

Nos.  1-7  exhibited  by  the  Department  of  Vertebrate 
Paleontology  Amer.  Mus.  Nat.  Hist. 

EooRDOViciAN.       Invertebrates   from    the    Calciferous    and 
Chazy  formations  of  the  Lake  Champlain  region.     Col- 
lection of  1895.     Exhibited  by  Gilbert  van  Ingen. 
Special  features : 

a.    Ofhileta  from  Calciferous  of  Beekmantown,  N.  Y. 
3.    Trilobites  from  Calciferous  of  Fort  Cassin,  Vt. 
c.  Chazy  fossils  from  Plattsburgh  and  Chazy,  N.  Y., 
and  Highgate  Springs  and  Basin  Harbor,  Vt. 
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Geologic  Time-scale  (lower  portion). 
Names  italicised  indicate  epochs,  representatives  of  the 
fossil  life  of  which  are  shown  in  exhibits  Nos.  8,  9,  10 
and  II. 


Neosilurian. 

Lower  Helderberg. 

Silurian. 

Eosilurian. 

Niagara.* 

Clinton. 

Medina. 

Ordovician. 

Neoordovician. 

Hudson. 
Utica. 
Trenton. 
Black  River. 
Birdseye. 

Eodrdovician. 

Upper  Chazy. 
Middle  Chazy. 
Lower  Chazy. 
upper  Calciferous. 
Middle  Calciferous. 
Lower  Calciferous. 

Cambrian. 

Neocambrian. 

Potsdam. 

*  Including  Guelph  and  Salina. 

9.  Neoordovician.    Invertebrates  from  the  Black  River,  Tren- 
ton and  Utica  formations  of  the  Lake  Champlain  region. 
Collection  of  1895.     Exhibited  by  Theodore  G.  White. 
Special  features : 

a.  Fossils  indicative  of  particular  zones  of  the  Black 
River  limestone  from  its  lower  to  its  upper  limits, 
as: 

I.  Leperditia  from  base  of  the  formation  at 
Button  Bay  Lsland,  Vt.,  and  Chazy,  N.  Y. 

2-  Strophomena  jilitexta  from  Button  Bay 
Island,  Vt.  • 

3.  Stromatocerium  and  Columnaria  from  the 
above  localities,  forming  at  the  former  locality  a 
coral  reef  band  two  feet  in  thickness. 

4.  Maclurea^  a  peculiar  Black  River  species 
from  Chazy,  N.  Y. 
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5-  Parastrophia^  from  a  restricted  zone  at  the 
top  of  the  Black  River  formation  at  Larabee's  Pt., 
Vt.,  and  also  from  *j^  miles  to  the  northward,  at 
Highgate  Springs,  Vt. 

b,  Trenton — Selection  of  various  representative  fos- 
sils from  the  entire  length  of  the  lake  shores,  in- 
cluding some  peculiar  forms  from  Cumberland 
Head,  near  Plattsburgh,  N.  Y. 

c.  Utica — Graptolites  from  Larrabees  Pt.,  Vt.,  and 
Ticonderoga,  X.  Y.  Lingula  and  Or  this  from 
Vergennes,  Vt.  Triarthrus  and  Graptolites 
from  Isle  la  Motte,  Vt. 

10.  Neoordovictan — ^Fossils   illustrating  the  sequence   of   the 

later  Ordovician  faunulse  at  Trenton  Falls,  N.  Y.     Col- 
lections of  1895.     Exhibited  by  Theodore  G.  White. 
Special  features : 

a.  Calciferous  dolomite,  dove  limestone  and  fossils 
of  the  Black  River  limestone,  from  near  Poland, 
New  York. 
3.  Fossils  from  the  original  section  from  which  the 
Trenton  formation  was  named,  arranged  in  zones 
as  determined  by  a  recent  stratig^aphic  study  by 
the  exhibitor, 
c.  Utica  graptolites^  trilobites  and  orthoceratites 
from  Nine  Mile  Creek,  East  Trenton,  New  York. 

1 1 .  EosiLURiAN. — Fossils  from  the  Clinton  and  Niagara  forma- 

tions of  Rochester,  New  York.     Exhibited  by  Gilbert 
van  Ingen. 

Special  features : 

a.    Graptolites,^  Brachiopods  and  Pteropods  from 

the  red  and  green  shales  of  the  Clinton  series. 
h.  Various  fossils  from  the  Niagara  shale. 
Note. — Photographic  views  and  maps   illustrating 
the  localities  from  which  were  obtained  the  specimens 
of  exhibits  Xos.  <?,  p,  lO  and  ll^  -will  be  found  in  the 
section  of  Geology, 
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12.  A  Stigmaria  Fragment  of  exceptional  size  from  Indian 

Territory.     Exhibited  by  J.  J.  Stevenson. 

13.  Mollusc  A  from  the  Asphalt  Beds  of  Indian  Territory.    Ex- 

hibited by  J.  J.  Stevenson. 

ETHNOLOGY  AND  ARCHEOLOGY. 

N 

In  Charge-  of  Franz  Boas  and  M.  H.  Seville. 

1 .  The  Animal  Form  in  the  Art  of  Ancient  Peru.  From 

the  collections  of  the  American  Museum  of  Natural  His- 
tory. Exhibited  by  Mr.  Harlan  I.  Smith;  collected  by 
Mr.  A.  F.  Bandelier. 

Representations  of  animal  forms  of  pottery,  painting, 
weaving,  gold,  stone  and  wood  in  the  art  of  ancient  Peru. 

2.  Portrait  Heads  in  Pottery  of  Ancient  Peru.     From  the 

collections  of  the  American  Museum  of  Natural  History. 
Exhibited  by  Mr.  Harlan  I.  Smith;  collected  by  Mr.  A. 
F.  Bandelier. 

3.  Pathological  Specimens  from  an  ancient  burial  ground  in 

Kentucky.  From  the  collections  of  the  American  Mu- 
seum of  Natural  History.  Exhibited  and  collected  by 
Mr.  Harlan  I.  Smith. 

These  specimens  were  excavated  on  the  Fox  Estate, 
May's  Lick,  Mason  County,  Ky.,  on  an  area  of  about 
forty  acres.  Part  of  them  were  found  in  stone  graves, 
others  in  mounds,  but  both  groups  probably  belong  to  the 
same  people.  Both  sexes  were  equally  subject  to  inflam- 
mation and  suppuration  of  the  bones,  19  among  55  adults 
(35%)  being  affected  with  it.  The  disease  was  rarely 
present  in  children  and  youths. 

4.  Burial  Customs   of  a  Prehistoric  People  of  Utah. 

Collected  and  presented  to  the  American  Museum  of 
Natural  History  by  Messrs.  B.  T.  B.  and  F.  B.  Hyde; 
exhibited  by  Messrs.  B.  T.  B.  Hyde  and  George  H. 
Pepper. 
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This  collection  represents  burial  under  baskets  as  prac- 
ticed by  a  prehistoric  people  of  Utah  and  was  discovered 
by  Richard  Wetherill,  of  the  Hyde  Exploring  Expedition 
during  the  winter  of  1893-94. 

5.  Photographs  of  Pictographs  from  Utah.     Collected 

and  exhibited  by  Mr.  B.  T.  B.  Hyde. 

6.  Typical  Collection  of  Material  Found  in  an  Indian 

Burial  Place  at  Tottenville,  S.  I.  From  the  col- 
lections of  the  American  Museum  of  Natural  History. 
Exhibited  by  Mr.  George  H.  Pepper ;  collected  by  Messrs. 
George  H.  Pepper  and  M.  H.  Saville. 

7.  Collection  of  Ancient  Pueblo  Skulls.     Exhibited  and 

collected  by  Dr.  Walter  Fewkes,  Washington,  D.  C. 

8.  Diagrams  showing  the  Growth  of  Children  in  Vari- 

ous Cities  of  America.    Exhibited  by  Dr.  G.  M.  West. 

9.  Diagram  showing   the   Difference  in  the  Rate   of 

Growth  of  First-Born  and  Later-Born  Children. 
Exhibited  by  Mr.  Franz  Boas. 

The  diagram  shows  that  first-born  children  develop 
physically  better  than  later-born  children.  They  are 
both  taller  and  heavier  than  the  latter. 

10.  Anthropometrical  Charts.     Designed  and  exhibited  by 

Prof.  W.  Z.  Ripley. 

1 1 .  Phonographic  Records  of  Indian  Songs.     Exhibited  by 

Mr.  Franz  Boas. 

Songs  of  Kwakiutl  Indians  of  Vancouver  Island,  re- 
corded in  1893. 

12.  The  Beaver  in  t^e  Art  of  the  Indians  of  British 

Columbia.  Exhibit  of  the  Department  of  Anthropology 
of  the  American  Museum  of  Natural  History. 

Showing  the  conventional  forms  in  which  the  beaver  is 
represented  in  can*ings,  etchings  and  paintings  of  the 
Indians  of  British  Columbia. 
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13.  Artificial  Deformations  of  the  Human  Skull.     Ex- 

hibited by  Mr.  Franz  Boas. 

The  distribution  of  the  practice  of  artificial  deforma- 
tion of  the  skull  and  specimens  of  deformations,  together 
with  photographs  of  living  individuals  with  deformed 
heads. 

14.  Busts  of  Eskimo  Man  and  Woman.     Sculptured  from 

life  and  exhibited  by  Mr.  Caspar  Mayer. 

From  the  collections  of  the  American  Museum  of  Nat- 
ural History. 

15.  Ten  Albums  of  Photographs,  illustrating  the  recent  ex- 

plorations of  the  ancient  ruins  of  Copan,  Honduras,  under 
the  direction  of  the  Peabody  Museum,  Prof.  F.  W.  Put- 
nam, Curator  of  the  Museum.  Exhibited  by  Prof.  F. 
W.  Putnam. 

16.  Arrow  Games  in  Asia  and  America.     From  the  collec- 

tions of  the  Museum  of  Archaeology,  University  of  Penn- 
sylvania.    Exhibited  by  Mr.  Stewart  Culin. 

Illustration  of  the  origin  of  playing  cards  and  chess  in 
the  arrow,  and  hypothetical  development  of  seal  cylinder, 
Chinese  coin,  the  folding  fan. 


EXPERIMENTAL  PSYCHOLOGY. 
O 

In  Charge  of  J.  McKeen  Cattell. 

1.  Pendulum  Chronoscope;  Electrical  Color  Wheel  with 

Speed  Indicator;  Multiple  Key;  Clock  Contact. 
Exhibited  by  Dr.  E.  W.  Scripture,  Yale  University. 

2.  Pendulum  Chronoscope.     Exhibited  by  Prof.  Charles  B. 

Bliss,  New  York  University. 

3.  Apparatus  for  Determining  Photometric  Differences 

BY  THE  TIME  OF  PERCEPTION.      Exhibited  by  Prof.  J. 
McKeen  Cattell,  Columbia  University. 
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